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THE COVER PHOTOGRAPH is 
an example of some of the 
modern art found in science 
... photomacrography. The 
design, as seen through a 
low-power microscope (X100), 
is formed by colorless 
crystals grown in a labora- 
tory. A special (polarizing) 
filter, placed on the micro- 
scope, changes the way 

light passes through the 
crystals. The crystals can 
then be seen and photo- 
graphed in color. 
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LAB BOOK 













An important part of science 
is careful observing and 
experimenting. Therefore, the 
lab book is an important part 
of this program. Learn about 
the “doing” in science and why 
things work the way they do. 








START HERE 


To the student: your 
study guide to doing, 
reading, and discuss- 
ing science. 

















Watch for these. They tell you what topic is 
coming up. 


UNIT OPENER 














Keep the wheel moving. Apply your 
mental and physical energy. The 
goal—a different way to view your 
world. 


There are five units in this learning journey... light, 
electricity, motion, heat, and chemistry. 































For easier reading, the material in the main text—the basic 
path—is in narrow columns. You can’t miss it. Visit those 
special features in the book that branch off this path. 






PHOTOGRAPHS AND 
DIAGRAMS 




















There are special kinds of photographs and diagrams. 
Observe what is happening in the photographs. Make 
some judgments and predictions about the experimental 
situations. Use the diagrams to help you explain 
observations and to compare ideas. 











THINK METRIC 








a 


A 
9 Don’t miss this special 
feature. You will know these 
pages when you see them. 


FUN, 





Go to page xiv. Then turn right to 
Appendix A. Use the tables 
provided. Practice using the world 
language of measurement. The 
metric system has already become 
more widely used in the U.S. Find 
out why in the essay on page 242. 














YOURSELF 





















What important ideas did you get from reading 
the main text? After you answer the questions, turn 
to Appendix B. Compare answers. 


Observe, measure, control variables, 
and interpret data with simple 


materials from the supermarket THOUGHT AND 











or hardware store. —_— 5 DISCUSSION 
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Our Visual 
Environment: 
Light or Blight? 

















Each unit ends with a section called “For Thought 
and Discussion.” Look for the symbol. Stop here 
awhile. We know science and technology have 
made our lives more comfortable. Yet, there are 
many problems science and technology alone 

can not solve. These readings identify some of our 
current problems and ask for your opinion. 


ESSAYS 


Watch for the gray arrow. There you'll 
find more on theories and the history of 
science, scientists, the future of science 
and technology, and how all of these 
affect you. Go to Appendix C for review 
questions on each essay. 
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Unit 1: Light 





ry your luck! Knock over the milk bottles and 
win yourself a prize!’’ shouts the carnival barker as he holds out 
three battered baseballs. The barker in the next booth is shout- 
ing something about tossing a hoop on any prize you want. You 
wouldn’t mind trying either one. But you have a hot dog with 
the works in one hand and a bag of popcorn in the other. 


Suppose someone sneaked up on you and blindfolded you right 
then. What could you still tell about what was going on? You 
could hear the shouts of the carnival people, the jumbled noise 
of the crowd, and the creaking of the Ferris wheel. You could 
feel people moving past you by the slight movement of air. And 
you could smell and taste the popcorn and the hot dog. But what 
a difference from seeing it all! 


If there were no sun, light bulbs or neon lights, candles, or 
anything else that gives off light, you wouldn’t have much luck 
knocking milk bottles over with a baseball at a carnival. You 
couldn’t see the faces of your friends and they couldn’t see you. 
There would be no movies or television. Scientists could only 
guess about the world of tiny bacteria because there would be no 
microscopes. And they certainly would know very little about the 
moon or anything else in space because there would be no tele- 
scopes. There would be total blackness. 








es a. There are many sources. of light. The one we rely on the most is, of course, the sun. 








-b. There: are dic: some ‘very unusual sources of light, such 
as this tiny light- giving plant. It is a type of fungus which 
NS On ree bark or on decayed wood. The diameter 0) 
ne | 20 millimeters. The length of the stem is about 
5 millimeters. This Liviayelet was found on an island near 
on Japan. ‘When ‘many of these tiny plants cover a tree 

branch, Mey look like ‘many bluish fireflies all turned on 
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c. Thisisasection of scalp tissue as seen through 
a microscope. Separate cells show up as 
does a cross section of a hair root. The hair 
root is the dark spot in the middle. Without a 
microscope, an instrument which needs light, 
microscopic things such as the cells in this 
scalp tissue, could not be studied. 





d. Another instrument which depends on light is 
the telescope. It gathers light from stars and 
other objects at great distances in space. This 
fo) ale) ovum (<1, ¢=1 alm cal celele) aler- Wm (=) (=s-(ere) of maa-) ale) Vicar! 
rats yoyo le- Wa alcevamarctomealcmclarclel-melmn(e)adaialtilidler- 6 
Nar aY=) o}0) =a owe- Wao] (o]¥(0 Bro) amoxessianl (ome [Ul-jar-l ale fe y- toe 
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e. Light can cause some interesting effects. These 
individual bubbles of sea foam are reflecting 
people standing above it. And though the bubbles 
themselves have no color, the light they reflect 


eXe) <owoxe) (0) a=1o 


f. In daylight this singer would not have such a 
fofe) fo l=Talmel (ohm Mal=me- olen dire] aiccmallallale mela al-iarelhii-) 


her that look. 


Chapter 1: Why Color? 





How would you like a gray 
hamburger? That’s what you 
would get in a world of 
black, white, and shades of 
gray. The lettuce, tomato, 
and the catsup would also 
be gray. Grass, trees, and 
flowers would be gray. 


However, deciding what to 
wear would be simple. 
Everything would go to- 
gether. It would also be a 





snap to choose colors for 
furniture, houses, and cars. 
You could have your pick of 
black, white, or any shade of 
gray. And you wouldn’t need 
color photographs, movies, 
or television—not in a world 
of black, white, and gray. 


But the world does have 
color. A hamburger in color 
can make your mouth water. 
Bright clothes can make you 
look and feel good. And 
movies and television shows 
in color are more lifelike 
than the same ones in black 
and white. 


This section is about color— 
that quality which makes the 
world more interesting to 
look at. 


Does “colorless” light 
contain color? 


When you think of light, your 
first thoughts may be of read- 
ing lamps, sunlight, flash- 
lights—mostly light that seems 
to have little or no color. The 
light leaving the projector in 
figures 1:1 and 1-2 also looks 
colorless or white. 


Notice what happened when 
that white light passed through 
the colored sheets on the 
stand. At first glance the sheets 
may not seem transparent. 

But they are. Wherever two 
colored sheets overlap, you 

see the color of the light that 
passed through both sheets. 
You see red where the light 
passed through the yellow and 
magenta sheets. You also see 
red where the light passed 
through just the red sheet. 


This raises some interesting 
questions. Do the transparent 
sheets add color to the light? 
Does the red sheet add red to 
the white light? And why do 
you see what you do where 
two of the sheets overlap? You 
can do some observing to 
answer these questions. 


You may have seen at some 
time that the colors of the 
rainbow appear after light 
passes through a prism. The 
band of colors—called a spec- 
trum—has red, orange, yellow, 
green, blue, indigo, and violet. 






1:4 Transparent magenta, cyan (blue-green) and yellow sheets overlapping. 
Notice the results where the sheets overlap. 


ie ed LLL PUAAOAS- 


1-2 Transparent blue, red, and green sheets overlapping. No light passes through 
where these sheets overlap. 


Unless you have a very good 
prism and very bright white 
light passing through it, you 
won't see all these colors. If 
the light is at all whitish look- 
ing before passing through 
the prism, you will probably 
be able to see the red, green, 


and blue areas of the spectrum. 


You'll often also see some yel- 
low. The red area contains 
the red, orange, and a little 

of the yellow. The green area 
contains green, some yellow, 
and a little blue. The blue 
area has most of the blue and 
all of the indigo and violet. 


Because the red, green, and 
blue areas are the ones which 
stand out the most, the study 
of the color spectrum is easier 
if, in most cases, we just con- 
sider these three sections. But 
sometimes we will also in- 
clude yellow. 


Instead of a prism, you can 
also use a small plastic sheet 


with many fine lines scratched 


in it to get a spectrum. This 
kind of sheet is called a dif- 
fraction grating. Some gratings 
produce colors when light 
passes through them. Other 
gratings produce colors when 
light is reflected from their 
surface. 


At this point you have two 
observations to work with. 
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First, you see that a red trans- 
parent material, when it is put 
in front of a white light, 
seems to change the white 
light into red light. The blue 
sheet makes its area of the 


white light look blue. And the 
green sheet makes its area of 
the white light look green. 
From these results, try to 

state what effect, in general, 

a colored transparent sheet has 
on white light going into it. 


1:3 Blue, green, and red are the major color areas of the spectrum produced from 
white light. 


Second, you saw that a prism 
or a grating can be used to 
produce a rainbow of colors, a 
spectrum, from white light. 
Now put these two observa- 
tions together. Notice the re- 
sults when a transparent 
colored sheet is placed in the 
path of a white light before 
and after it passes through a 
prism (figure 1-4). 





1-4a_ A piece of red transparent 
material in the path of white light before 
the light enters a prism. 


1-4b A piece of red transparent 
material in the path of white light after 
it has passed through a prism. 





1-5 Blue, green, and red bands of the spectrum and a 
beam of white light are striking red, green, blue, yellow, 


cyan, and magenta filters. Notice which band(s) each filter 


To explain the way the colored 
sheets act on light, consider 
the idea of a filter. A filter 

is something used to separate 
the parts of a mixture. For ex- 
ample, if you have sand mixed 
with water, you can separate 
the two by pouring the mix- 
ture through a paper filter. 
The water will go through. 
The sand will stay in the 


paper. 


The transparent colored sheets 
are called color filters. Why 

is that a good name for them? 
Does it look like the trans- 
parent sheets add or take 
away color from the white 
light? Once you have decided 
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that for yourself, you can 
answer the question ‘Does 
‘colorless’ light contain color?” 


TEST VOURSERE 
1. What are the parts of a 
white-light spectrum? 


2. What two devices can be used 
for breaking white light into 
its parts? 


3. Construct a table of all the 
color filters shown in figure 
1°5. Give the spectrum colors 
that pass through each. Also 
name the major color areas of 
the spectrum (red, green, and 
blue) which are blocked by 
each filter. 





stops and which band(s) each filter lets through. Also 
notice what happens to the white beam in each case. 


4. Use the table you made for 


question 3 to predict the 
colors of the spectrum that 
will pass through two over- 
lapping filters in each of 
the following combinations: 
a) red and yellow filters 

b) cyan (blue-green) and 
green filters 

c) blue and yellow filters 

d) blue and green filters 

e) magenta (red-blue) 

and red filters 

f) magenta and yellow filters. 


. Name two filters which in 


combination block all the 
colors of the spectrum. Then 
name two more pairs of filters 
which do the same thing. 





What Is Light? 
Part 1 


1:6 The first prism is separating a 
beam of white light into a spectrum. 
The second prism is recombining part 
of that spectrum into white light. The 
prism reflects the rest of the spectrum 
sideways. 


Newton’s particle theory of light 
applied to the visible spectrum 


Particles of light 

The question “Does light have color or can something add color to 
light?” is an old one. At first you might have thought that color 
filters add color to light. In the same way, it is reasonable to think 
that a prism adds color to light. However, over 300 years ago, 
Isaac Newton, the English scientist, suggested that white light is 
a mixture of colors. He did experiments to prove his point. He used 
a prism to produce a spectrum from sunlight. He then reasoned 
that another prism should recombine the colors into white light. 
He was right; it works. However, he had to have the light come in 
at exactly the correct angle and have the prisms at exactly the correct 
angle to each other to get his results. 

Newton’s observations aroused his curiosity. He wondered what 
light really is. After some thinking and more experimenting, it 
seemed possible to him that light is made up of invisible particles 
in motion. Each color in light could consist of particles different 
from those of other colors. A prism just separates them. 

This particle theory is useful in explaining color filters. You can 
think of color filters as letting through some particles of light 
and not others. For example, a red-orange filter lets through red, 
orange, and perhaps some yellow light particles. But a green filter 
blocks these same particles. So when a red filter is placed on top 
of a green filter, most of the light particles are stopped. You can 
not see much through both of them together. 





In green light 
will a “red” object be red? 


This page with its photo- 
graphs and black type, your 
coat, and a brick wall all block 
light. Surfaces which block 
light are called opaque. Such 
surfaces absorb some of the 
light. For example, you might 
have guessed that you have 
absorbed some light when you 
begin to feel warm after sit- 
ting in the sun. 


But opaque surfaces also re- 
flect some of the light. As a 
matter of fact, that’s the 
reason you can see them. For 
instance, you see this page 
because it reflects light. 


You have also seen that the 
nearly white light of the sun 
or of a projector is made up of 
the colors of the rainbow. 
What do you think happens 
to the colors in white light 
when they hit opaque sur- 
faces? Are the colors reflected 
or absorbed? 


Notice the change in color of 
the objects in figure 1-7. The 
first column of photographs 
was taken under an ordinary 
photographer’s spotlight. A 
spectrum of that light would 
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show all the colors of the rain- 
bow. The second column of 
photographs was taken under 
a spotlight with a red filter 

in front of it. The third one 
was taken under a green light. 
The fourth one, under a blue 
light. 


Notice that the truck which 
looks red in white light also 
looks red in red light. But 

in green light the same truck 
looks almost black. 


You can use what you have 
learned so far to figure out 
why you see the colors you do 
in figure 1:7. Remember color 
filters pass some colors of 
white light and block others. 
Opaque materials reflect some 
light and absorb some. 


For example, when a red 
filter is placed in front of the 
light, the red area of the 
white light spectrum passes 
through. Most of the other 
colors—including green—are 
blocked. On the other hand, 
a red opaque surface re- 
flects a part of the spectrum 
and absorbs others. 


Which section of the spec- 
trum—the red, green, or blue 
—do you think a red surface 
reflects? That is, which section 
bounces off the surface and 
reaches your eye so that you 
see red? Which sections of 
the spectrum do you think it 
absorbs? Try this same rea- 
soning for the other colored 
surfaces. 


The chart of colors you made 
for question 3 on page 10 and 
figure 1-5 should also help 
you understand why you see 
the colors you do. 


The coloring matter of opaque 
materials often contain colors 
other than their main color. 
Usually our eyes do not notice 
these small amounts of other 
colors. However, these can in- 
terfere with making exact 
observations and conclusions. 


In a very well controlled lab- 
oratory experiment, a blue 
opaque surface under a red 
light should look completely 
black. But the red light would 
have to be a pure red and the 
blue surface a pure blue. So in 
your mental models of these 
observations, make room for 
the real world. 


white light red light . green light blue light _ 





magenta 








What is it about a tomato 
that makes it red? 


When you are deciding what 
to wear, can you think about 
your clothes without thinking 
of their color? Can you think 
about strawberry ice cream. 
without thinking pink? Or a 
ripe tomato without thinking 
red? 


By now it probably makes 
sense to you to think that you 
see an object, such as a ripe 
tomato, as red because that 
object reflects the red portion 
of light. But what is it that 
causes it to reflect the red por- 
tion of light? 


You know you can use paints 
or dyes to “give color” to the 
surface of things. Things in 
nature, such as rocks and 
plants, have their own natural 
color. The particles of matter 
that cause the color you see 
in paints and dyes and the 
color particles found in other 
objects work in much the 
same way. 


The structure of each color 
particle causes it to reflect 
some of the colors in light and 
to absorb others. For example, 
the color particles in chloro- 
phyll (the substance that gives 
green plants their color) re- 
flect green and a little red. 

But these color particles ab- 
sorb blue and violet. 
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You need only three pure 
colors of paints or dyes—and 
very exact mixing—to re- 
produce any color in nature. 
A pure dye is one which re- 
flects light from selected sec- 
tions of the spectrum, with 
only traces from other sec- 
tions of the spectrum. 


Magenta (red-blue), yellow, 
and cyan (blue-green) are the 
three basic colors of paints or 
dyes. Each reflects two major 
parts of the spectrum and ab- 
sorbs most of the third. You 
can get green by mixing pure 
cyan and yellow paints; red, by 
mixing magenta and yellow; 
and blue, by mixing cyan and 
magenta (figures 1-8 and 1:9). 


Since pure paints are rare, you. 
will usually not get a pure 
green, red, and blue when you 
mix paints this way. 


If you want a lighter or darker 
shade of any color, you can 
mix in white or black. You can 
get all other colors by mixing 
different amounts of any two 
or three of these pure paints. 
By mixing all three paints in 
about equal parts you can get 
black or muddy brown. The 
cyan paint absorbs the red 
area of the light spectrum. The 
magenta paint absorbs the 
green area. And the yellow — 
paint absorbs the blue area. 
You can see that there isn’t 
much left to reflect, so the 
eyes see only a dark spot of 
paint. 


TESTAYOURSELE 

1. If a pure red spotlight is 
shining on fried ‘‘sunny-side- 
up’ eggs, what color will 
the yolks appear to be? Why? 
Explain your answer in terms 
of the colors the yellow in 
the yolk can reflect. 


2. If a pure green spotlight is 
shining on a green plant, 
what color will the plant ap- 
pear to be? Explain your ans- 
wer. Hint: Green plants need 
light in order to grow. But 
green light is about the poor- 
est light for a green plant. 


. What do you think you will 





. Explain how the mixing of 


yellow and cyan paints pro- 
duces the color green under 
white light. Give your answer 
in terms of the spectrum 
colors reflected and absorbed 
by each paint. 





see when you shine a pure 
blue light on a mixture of 
equal parts magenta and 
cyan paints? Explain your 
answer. 





1-9 Red, green, and blue light striking 
a cyan surface, a yellow surface, and 

a magenta surface. Notice which color 
bands are reflected or absorbed by 
each colored surface. 


Black-and-White 
Photography and Printing 





Examine the dot pattern in this photo- 
graph with a magnifying lens. 


Breakfast-cereal boxes, mag- 
azines, outdoor advertising, 
newspapers, and this book— 
all of these use color photo- 
graphs. The basic ideas of 
color filters and paint mixing 
are used to make and to 
print these photographs. Be- 
fore getting into color photog- 
raphy and printing, though, 

it is important to understand 
how black-and-white photo- 
graphs are made and printed. 


A special property of light is 
involved. Because of this 
property, light fades colored 
cloth and turns newspaper 
pages yellow. Because of this 
property, light can also 
change many chemicals. In 
particular, a class of white 
solids, called silver halides, 
turns gray when light hits 
them even for a fraction of a 
second. This reaction makes 
photography and printing 
possible. 
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Photography 


Black-and-white film is is a ee of transparent ole tic witt 
ing of silver halides on one side. ans os is alled he 


When the light from outside ‘the camera passes th u | 
film causes a chemical change within the halide 


FILM WITH EMULSION 


Printing 


To print a drawing ora photograph. a brnlep ‘needs a cop of it on 
a metal printing plate. The metal plate has a special coating w 
makes it sensitive to light the same “> ne oe 
film is sensitive to light. 


First, the original shoes or fee is re re ae Ss 
ordinary film to give a black-and-white negative. This ordinary ek 
negative is then used to make the positive on another light-sensitive S 
film. 
















gray. Parts of the film receiving light 
) ey pipet * turn a ee gray. 


m the way they really appear. These must be 
versed again to give the actual Lo -dark values 


pieccouen 
OF NEGATIVE 









and vertical lines is put between the negative 
and the film on which the positive image is being 


called a screen. 


ight pastes rough the negative and the open- 
ings in the screen. As a result, the positive film is 
-made up of many black dots of different sizes. 
_ Where the original picture was dark, the screen 

makes the dots on the positive film come out large 
__and closely packed. Where the original picture was 
light, the dots come out small and far apart. Such 
a piece of film is called a screened positive. 











ne RLS RICE 


NEGATIVE SCREEN 


A sheet of glass or plastic with many fine horizon- 


developed. This sheet of ruled glass or plastic is. 


SCREENED POSITIVE 


So light is beamed through the negative onto a 
sheet of paper which has a layer of silver halides. 


More light passes through the lighter parts of the 
negative than through the darker parts of the nega- 
tive. Therefore, wherever the negative is dark, the 
developed print remains light. This print, called a 
positive, is the snapshot or photograph you are 
used to seeing. 









DEVELOPMENT 
OF POSITIVE 


PHOTOGRAPH 
(POSITIVE) 


The exact pattern of dots on the screened positive 
is transferred photographically to the metal plate. 


The plate has been prepared so that ink sticks only 


in the dots and not anywhere else. 


In the printing press, the ink is transferred from the . 
plate to the paper so that a pattern of black dots 
appears. When you look at such a pattern of dots 
on a printed page, your brain interprets each area 
as a shade of gray, according to the size and close- 
ness of the black dots. Together, these shades of 
gray make up a picture. 


INKED PLATE 






PRINTED PHOTOGRAPH 


Color Photography 
and Printing 


Examine the dot pattern in this photo- 
graph with a magnifying lens. 


Film for color photography 
has three very thin layers of 
silver halides instead of one. 
That is, there are three emul- 
sion layers. These layers are 
so thin that they can not be 
seen without a microscope. 


Each layer is specially treated 
to be sensitive to only one of 
the three basic colors of the 
spectrum—red, green, and 
blue. After the film is de- 
veloped, you get the colors 
of the original photographed 
scene because these three 
layers act as a combination 
of colored filters. 


To print the photograph, print- 


ers apply the rules of paint 
mixing. They usually use the 
three basic colors of paint— 
magenta, cyan, and yellow— 
to produce all the other 
colors. To control the shades 
of color, they add black. 
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Photography 


_ The blue-sensitive layer changes chemically in areas where light 


containing any blue strikes. The red-sensitive layer responds tc 
red light. And the green-sensitive layer responds to any traces o 
green light. 


When the camera is clicked, the color film gets a pattern of chemi 
cally changed areas in each of the three layers. But each layer has 
a different pattern of these chemically changed areas. 


The first step in developing color film gives color to each of the 
three layers. The layer that reacted to blue light becomes yellow 
The layer changed by red light becomes cyan. And the layel 
changed by green light becomes magenta. 


These layers on the film are not uniformly colored. The brightes 
yellow areas represent those areas in the original scene that hac 
the least blue. The least yellow areas represent those spots in the 
photographed scene that have the most blue. 


The brightest cyan areas represent those areas in the photographec 
scene that had the least red. And the brightest magenta areas rep 


_ resent those spots in the original scene that had the least green. 











FILM WITH THREE LAYERS OF EMULSION 


Since the transparent yellow, cyan, and magenta 
layers are on top of each other, they act as a com- 
bination of filters to reproduce the original scene. 


The color positive that you get from this process 
is a slide. Small cardboard-mounted slides are 
usually shown on a wall or a screen with a slide 
projector. Larger ones, such as the one shown 
here, can be viewed on a light box. Either kind of 
slide can also be used to make color photographs. 


TRANSPARENT MAGENTA 





There is a more complicated process for making 
color photographs which hasn’t been discussed 
here. In this other process a different kind of color 
film is used. Negatives are made first. Then the 
negatives are turned into positive images on pho- 
tographic paper. . 






TRANSPARENT SLIDE 
(COLOR POSITIVE) 


Printing 


The negatives—The color drawing 
or photograph to be printed is 
photographed four times. One 
negative is made with a blue filter. 
The second, with a red filter. The 
third, with a green filter. And the 
fourth, with a yellow filter. 


Each filter passes only light of its 
own color. Only blue light goes 
through the blue filter. So the first 
negative has black and shades of 
gray where blue light struck. It is 
completely transparent .every- 
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where else. The red light makes a 
pattern on the second negative. 
The gréen light makes a pattern 
on the third negative. These also 
are completely transparent where 
no light caused darkening of the 
film. On the fourth negative, made 
with a yellow filter, the yellow, 
green, and red parts of the light 
make more of an impression. 


The four negatives gotten this way 
are called separation negatives. 


The positives—Each color separa- 


tion negative is placed on a 
screen similar to the screens used 


TRANSPARENT SLIDE 


GREEN 
FILTER 


ELLOW 
FILTER 






SEPARATION NEGATIVE 


in black-and-white printing. Light- 
sensitive film is placed under the 
screen. White light is beamed — 
through the negative and screen, — 
onto the film. This process creates 
a screened positive. Cg 


Let’s look at the first separation ee 
negative, made with the blue filter, 


as an example. This separation ~ 


negative is a piece of transparent — 


film on which the blue values in _ 


the original picture appear as 
black or shades of gray. If you 


lifted up this piece of film to look 


through it, you would see thatlight — 
is completely or partly blocked by 


























oes lerouah 
as os the negative 


14 th ean of light hee ee 

igh the screen and the nega- 
, it strikes another piece of 
an | causes a change in the 
t-sensitive coating. Because of 
: Screen, the light hits this sec- 
of film in a pattern of 
e dots are of various sizes 


and green. 


_ INKED| PLATES 


and closeness. The dots represent 
all light from the original picture 
that had little or no blue in it. This 
pattern of dots is transferred to 
one printer's metal plate. 


A second printing plate is pro- 
duced in the same way from the 
separation negative made with a 
red filter. Except in this plate, all 
areas containing little or no red 
are represented as a pattern of 
dots. The third printing plate has 
dots representing all areas con- 
taining little or no green. The 
fourth plate represents all areas 
containing little or no yellow, red, 


The printed copy—The printer 
inks the plate made with the blue 
filter, with yellow ink; the one 
made with the red filter, with cyan 
ink; and the one made with the 
green filter, with magenta ink. The 
ink sticks to the dots on each 
plate. 


When the three colors of inked 
plates are printed one over the 
other, the original photograph is 
reproduced. To add sharpness to 
such printed color pictures, print- 
ers use the fourth plate, which is 
inked black. The result is a good 
printed copy of the original. 








YELLOW AND CYAN 





YELLOW, CYAN, AND MAGENTA 





YELLOW, CYAN, MAGENTA, AND BLACK 
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Mixing lights 


Imagine the music blasting, 
your friends all there, and the 
colored lights flashing and 
moving across the room to the 
beat of the music. Color can 
be as loud to your senses as 
music. Somehow you don’t 
just see it—you can feel it. 


Colored spotlights often are 
used for dramatic effect. Danc- 
ers, ice skaters, and other 
performers often work under 
them. Christmas trees and 
store displays are also some- 
times lit by them. 


The next time you see colored 
spotlights used, notice what 
the lights do to each other 
when they overlap. ““New- 
color-from-old” is one of the 
most interesting effects of 
colored lights. 


Figure 1-11 shows the results 
you would get with fairly pure 
color filters in front of some 
white-light sources. As you 
know, good filters will let 
through just their own colors 
from a white light source. 


In the section where the red 
and green beams overlap, for 
instance, there is very little 
color being reflected other 
than red and green. But you 
see yellow! In the area where 
the red and blue beams over- 
lap, you see a red-blue— 
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1-10 Red and blue spotlights overlapping. Notice the colors of the shadows. 





1-12a 


or magenta. And where the 
green and blue light beams 
overlap you see blue-green 
—or cyan. 


Remember that magenta and 
cyan are not colors in the 
spectrum. They are mixtures of 
colors your eyes see as a single 
color. The yellow that you see 
when red and green lights are 
mixed is also a ‘’mix’’ inter- 
preted by your brain as one 
color, though yellow is also a 
color in the “‘real’’ spectrum. 


You can also see these mix- 
tures of colored light by 
watching a colored disk like 
the one in figure 1-12. Notice 
that the disk is half red and 
half green. When the disk is 
spinning, the colors blur. Your 
eyes interpret the mixture of 
the light coming from both the 
red and the green halves. 
What color does the spinning 
disk appear to be? 


You can get similar results 
with other colors on the disk. 
For instance, by spinning a 
disk half red and half blue, 
you can see magenta. By spin- 





1:12b 


ning green and blue, you see 2. What color will you see when 
cyan. And by spinning a disk pure red, green, and blue 
with red, green, and blue in beams overlap on a white 
equal parts, the disk should surface? 


sr Dea ecat ly willis: 3. What would you see if you 


mixed a blue beam and a red 
beam on a blue opaque 
surface? Why? 


Notice that you also see a 
whitish spot when red, green, 
and blue light beams overlap 
(figure 1:11). Ideally, by care- 
fully varying the brightness of 
these three basic colors of 
light, you could create any 
color visible to the eye. Seeing 
color has to do not only with 
the light your eyes receive, but 
also with how your brain in- 
terprets that light. 


INEST SACION even iy 

1. What color will you see in 
the following cases: 
a) when a pure green beam 
overlaps a pure blue beam of 
light on a white surface? 
b) when a pure green beam 
overlaps a pure red beam on 
a white surface? 
c) when a pure blue beam 
overlaps a pure red beam 
on a white surface? 
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Seeing Red... 
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Theories of color vision 


For centuries, scientists have been interested in how we see color. 
Newton thought that every color in nature had a corresponding 
color receiver, or receptor, in the eye. For more than a hundred 
years no one offered any other ideas. But in 1801 another English 
physicist, Thomas Young, suggested a new theory. He reasoned 
that there could not possibly be as many receptors in every part of 
the retina as there are colors. (The retina is the back of the eye, 
which receives the light signals.) 

Young suggested that there are only three kinds of receptors. 
Each kind is sensitive to one of the three basic colors of the spec- 
trum—red, green, and blue. When more than one kind of receptor 
is set off, a person sees other colors—yellow, blue-green, white, 
or whatever color results from mixing the three basic colors. 

Scientists rejected or ignored Young’s theory for about fifty 
years. Then a German physician, Hermann von Helmholtz, sug- 
gested some changes in it. 

Helmholtz believed that all colors affect all three kinds of recep- 
tors, though not to the same extent. For example, if pure red light 
shines on your eye, the receptors most sensitive to red are strongly 
stimulated. The other two kinds of receptors are weakly stimulated. 
If pure yellow light shines on your eye, both the red-sensitive and 
the green-sensitive receptors are stimulated strongly. The blue- 
sensitive ones are stimulated weakly. You then see yellow be- 
cause the sensation of yellow is the combination of red and green. 

Helmholtz’ addition to Young’s three-color theory renewed 
interest in it. It became known as the Young-Helmholtz theory. 

The Young-Helmholtz theory is still the basis for nearly all 
descriptions of color vision. But it has been altered in many ways. 
For instance, in 1872 another German, Ewald Hering, noticed some 
things which the Young-Helmholtz theory did not explain. 

Look at the two gray squares in figure 1-13. Do they look like 
the same shade? They are, though the one against the light back- 
ground appears darker than the one against the black background. 





Or look at the green circle with the yellow border for about 30 
seconds (figure 1-14). Keep the other circle covered. Then quickly 
look at a white sheet of paper or close your eyes gently. Did you 
still see colors? What were they? Try the same thing with the bright 
red circle with the blue border. 


Hering reasoned from experiences like the ones above that the 
eye’s color receptors are sensitive to pairs of colors. He thought that 
one kind of receptor must be sensitive to red and green, another 
to blue and yellow, and the third to black and white. For instance, 
when the red-green receptors become overtired with red light, the 
receptors become less sensitive to red. When such red-tired recep- 
tors are no longer stimulated by a color containing red, thought 
Hering, these same receptors have a tendency to send “green” 
signals to the brain. 

In this century scientists have found evidence which seems to 
clear up the conflict between the Young-Helmholtz theory and the 
Hering theory. 
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1+15 Stare at the spot in the center of 
the flag for one minute. Then quickly 
look at a white sheet of paper or close 
your eyes. What colors do you see? 


es Ne aE 


ke 
| 
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Modern scientists have measured the absorption of light by 
substances taken from color receptors from the eyes of monkeys 
and humans. They found evidence for only three different color- 
sensitive substances. Each of these substances is strongly sensitive 
to only one of the basic color areas of the spectrum—red, green, or 
blue. You see other colors when combinations of these three dif- 

_ferent receptors receive signals. 

None of the color receptors works in very dim light. Scientists 
have identified a different kind of receptor which works only in 
very dim light. This kind of receptor is sensitive only to white, 
gray, and black. 

The black-white receptors, called rods, contain a substance called 
visual purple. When no light hits the back of the eye, the supply of 
this substance builds up in the rods. (One of the things the rods 
need to form visual purple is vitamin A.) When light falls on the 
visual purple, it is bleached. The bleaching process sends messages 
to the brain. The messages can be strong or weak—depending on 
the amount of the visual purple which is bleached. These messages 
are our vision in dim or night light. 

In bright light, the supply of visual purple is quickly used up. 
Since the rods cannot produce more visual purple in the light, they 
become inactive in bright light. But more visual purple is again 
produced as soon as only dim light enters the eyes. 

The color receptors, called cones, work in a more complicated way 
than the rods. All three kinds of cones—the red, blue, and green— 
must usually work together. The brain must interpret the different 
combinations of messages. For example, you see yellow when both 
the red and green cones are stimulated equally. A fairly pure yellow 
light will stimulate the red and green cones equally. But red and 
green light reflecting from the same surface will also stimulate the 
red and green cones. So you can see yellow without any yellow 
light being present. 

Other times, as in Hering’s experiments, you can “see’’ colors 
when no colored light is striking the cones at all. The cones and 
nerve cells in the eye can send misleading messages to the brain. 
The next section is about another example of this happening. 
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Seeing colors when you would 
expect to see white light: 
Edwin H. Land’s experiment 





Now You See It In a famous experiment with color, two slide projectors cast black- 

; and-white slides of the same scene onto a white surface. One slide 
Now You Don't projector has a red filter in front of it to produce a pure red beam. 
The other has no filter in front of it. So it produces a white beam. 

The images from the two projectors overlap exactly. So you would 
expect to see the photographed scene in various shades of pink. 
But you do not! You see almost all the colors of the original photo- 
graphed scene. And only black-and-white film was in the camera 
when the slides were taken. 

There is one little catch. The film was not exposed to white 
light. A red filter was in front of the camera for the slide that is 
in the projector with the red filter. And a green filter was in front 
of the camera for the slide in the projector with no filter. So the 
slides are not exactly alike. In each case, different colors of light 
1-16 The sceneis being photographed = were blocked before they could reach the film in the camera. 


ble camera. It takes two : : 
See an Cee ntione In the projectors you have a red beam, a white beam, and black- 


A red filter is in front of one lens. A and-white slides. All the black-and-white slides can do is let 
green filter is in front of the other. through different intensities of red light or white light from the 
Black-and-white slide film is in the projectors. 

camera. 


. 4 4 
camera with green filter s 








\ object bein 
‘\ photograph 
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Edwin H. Land, an American scientist-businessman-inventor 
who worked on this experiment, was fascinated. (By the way, he 
is the same man who invented the Polaroid camera.) He found 
that we can create our own colors for almost any combination of 
colored projector beams and black-and-white slides taken through 
color filters. 

Only a few simple rules must be used. You must take two pic- 
tures of the same scene with black-and-white film. Each time you 
must put a different color filter in front of the camera. The band of 
color passed by one filter must be different from the one passed 
by the other. Then you must make positive black-and-white slides 
from the film. 


You must project the slides onto a screen from two different 
projectors. The slide images must overlap exactly. And the colors 
of the projector lights should be different from each other. The 
colors may be the same as those of the filters used to make the 
slides. Or one may be colored and the other white. However, the 
projector with the light closest to red in the spectrum must be used 
with the slide taken with the filter closest to red. 





1:17 The black-and-white slide taken 
through the red filter is projected 
through a red filter. The black-and- 
white slide taken through a green 

filter is projected without a filter. The 
images overlap exactly, and a color 
picture is produced. 


projector without filter 





image projected 


projector with red filter 


7AS) 





1-18 (a) What you see when the slide 
taken with the red filter is projected 
through a red filter, (b) what you see 
when the slide taken through a green 
filter is projected without a filter, (c) 
what you see when the two slides are 
shown on top of each other. 
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For example, you could have taken one slide with a red filter on 
the camera and the other with a green filter. You could then project 
the slides with yellow and blue projector lights. You would have to 
be careful, however, to have the slide taken with the red filter 
placed in the projector with the yellow light. Yellow is closer to 
red in the spectrum than blue. 

Scientists don’t know how eyes create color images in these 
cases. In Land’s experiment the difference in brightness between 
areas is apparently important. 

' Land continued his experiment as follows: He projected just one 

black-and-white slide, taken with the red filter, onto a screen. He 
then measured the brightness of the light at many different spots. 
He gave the value of 100% to a spot where the black-and-white 
slide blocked no light. All other spots he measured in relation to 
it. So he had the brightness of various spots rated from 0% —no 
light coming from the projector—to 100%—all the light coming 
from the projector. He made the same kind of measurements with 
the second black-and-white slide, taken with the green filter. 

When the two slides are shown on top of each other, many spots 
of the imagé have two sets of brightness values. For example, the 
slide taken with a red filter will not have let through very much 
blue and green light, so that black-and-white slide will be very 
dark in those areas of the original scene that had a lot of blue and 
green. On the other hand, the slide taken with the green filter will 
let through green readily. Thus that slide will be very light in the 
same areas that were dark on the slide taken with the red filter. 

Land compared the color of any spot which the overlapping 
images seemed to have with the brightness values of that spot. He 
found that the color of the spot depends on both the total bright- 
ness of the spot and how much brightness each slide gives. 

Land’s experiments are real. They have been repeated by others 
many times. But what do the results mean? At the least, they tell 
us that the Young-Helmholtz theory of vision does not apply to 
all visual phenomena. That theory must be modified if the Land 
experiments are to be explained by it. Or we need a new theory. 
The inventive Dr. Land is attempting to come up with one. 





ON YOUR OWN 





Spinning color 


You can check to see that red reflected light added to 
green reflected light really does give a yellowish color. 
Cut out a circle with a diameter of 10 centimeters 
(4 inches) from a piece of heavy white cardboard. 
Paint one half bright red; the other, bright green. 


Poke two holes 1 centimeter (2 inch) apart in the center 
of the circle. Cut a 1-meter (1-yard) long piece of 
string. Put the string through the holes on the circle 
and tie the ends of the string together. Pull the string 
through the circle so that the circle is in the middle 

of the string as in the picture. 


Now hold one end of the string around the index finger 
of each hand. Twirl the string and circle until the 

string is twisted. Then pull on the string and loosen 
your pull as the string twists in one direction and then ~ 
the other direction. This will make the cardboard circle 
spin rapidly. 


When the cardboard circle is spinning fast enough, 
your eyes should see the color formed by adding the 
two colors you put on the circle. If you do not have 
pure red and pure green on the circle, you can get 
some surprising results. 


: You can make many colors from reflected light this 
way. It is important what colors you put on the circle, 
_ and how large a wedge of each color you paint. 


ON YOUR OWN 


Changing the color in 


photographs 
If you like photography, the 


following questions might 


interest you: What effects 
will you get when you use 
different-colored filters in 
front of the camera? or 
when you light the scene 
with different colors? 


Make some predictions and 


_ see how they turn out. 
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Chapter 2: Mirror Reflections 
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If there were no mirrors, how 
would you know when the 
barber or hairdresser is cut- 
ting your hair wrong? Or 
that you have a smudge on 
your face? Or that you don’t 
look so bad after all? 


Mirrors are ordinary things, 
but they can be tricky. Imag- 
ine holding out your right 
hand to your image in a mir- 
ror. Which hand will your im- 
age offer you? 


Touch your left ear with your 
right hand. Which hand and 
ear would your image use? 
Suppose you lie down with 
your right side next to a mir- 
ror. Which side of the image 
is next to you, its right or its 
left? 


You can also see some in- 
teresting reflections with a 
curved mirror. And the mirror 
need not be a “real” one. It 
can be a shiny spoon, a 
bowl, or some other smooth 
surface. 


This chapter will deal with 
both flat and curved mirror 
surfaces. 





What do you see in a mirror? 


You know you can’t touch 
your mirror image though it 
looks like it’s just behind the 
mirror. Your mirror self isn’t 
really “there.”” 


Before going any further, con- 
sider how you see something 
that is really “there.” For in- 
stance, how do you see a post- 
er on the wall? 


First, remember that for you 
to see the poster, light must 
be reflected from it to your 
eyes. 


Second, no matter where you 
are in the room, you will 

see the poster if nothing is 
blocking your view. The post- 
er apparently reflects light in 
all directions. 


Third, your eyes are flooded 
with light rays coming from 
all sorts of objects from all 
directions. Your brain must 
sort the messages that come 

to your eyes before you can 
distinguish light from the post- 
er from other reflected light. 


If you turn your back to that 
poster on the wall, you will no 
longer see it. But if you hold a 
mirror in front and slightly to 
the side of you, you again see 
the poster behind you. The 
mirror somehow re-creates 
and sends to your eyes the 
scene behind you. 





2-1 


It re-creates the scene, but not 
exactly. What does the writing 
on the poster indicate about 
mirror images? 


A good look at the picture 
with the projector light should 
help you recall what you 
might have noticed about mir- 
rors already. The light beam 
produced by the projector 
travels along the table surface 
and bounces off. But you can 
see other light beams that 
seem to go right into the mir- 
ror. When you follow one of 
these light beams into the 
mirror, it leads to the image 
of the projector. However, in 
spite of appearances, the 

light never gets behind the 
mirror. It can only bounce off 
the surface. 


2:2 Doyou think the projector is on 
the left or the right side in front of the 
mirror? 
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How does a mirror reflect light? 


A mirror reflects light in a 
predictable way. 


Put a small, pointed object in 
front of an upright mirror on 
a table top. Have a sheet of 
paper on the table top. Bend 
down so that your eyes are in 
line with the mirror. Close one 
eye. Look at the mirror image 
of the object, not at the object 
itself. With a pencil, make a 
dot on the paper in all spots 
where the pencil blocks your 
view of the object’s image 
when the pencil is held up- 
right. Look at figure 2°3 to see 
how this is done. 





Figure 2:4 shows the pattern 
of marks you might get. These 
marks must show the path of 
light from the object, to the 
mirror, and then to your eye. 
They must, because you can- 
not see the whole object in 
the mirror when you move 


eabnct sie te pe at Ot N angle of reflection 


Run two more trials. In one ~~ 


trial, look at the object with angle of incidence: 
the left eye. In the other trial, ae 
look at it with the right eye. rae 


During each trial, be sure to 
keep your head stationary. 
Figure 2-5 shows the path of 
light from the object, to the 
mirror, to your eyes when 
you look at the object from 
two such positions. 
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2-5 


In figures 2-4 and 2-5, the line 
from the object to the mirror 
represents the path of light 
from the object to the mirror. 
In a diagram, this is called the 
incident ray. 


The second line represents the 
light that bounces off the 
mirror. This is called the re- 
flected ray. 
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reflected rays 


Notice that in figures 2-4 and 
2:5, a line has been drawn at a 
right angle (90°) to the mirror 
at the point where the inci- 
dent ray turns into the re- 
flected ray. This line is called 
the normal line, or just the 
normal. It’s a handy line for 
comparing the path of the in- 
cident ray to the path of the 
reflected ray. Their paths are 
compared by measuring the 


angle between the normal and 
the incident ray and the angle 
between the normal and the 
reflected ray. 


In figures 2-4 and 2:5, how 
does the angle of incidence 
compare with the angle of re- 
flection in each case? 


From this experiment and 
others you might have done, 
you can see that the angle of 
incidence and angle of re- 
flection always compare with 
each other in this way. This 
rule applies to all mirror sur- 
faces. 


TES EO UR rr 

1. Suppose your friend 1s sit- 
ting on a chair in the middle 
of the room. In what direc- 
tions do you think your 
friend reflects light? How 
would you go about making 
observations to support your 
idea? 


2. Define the term “‘normal’’ as 
it is used in a diagram show- 
ing a path of light which ts 
striking a mirror. 


3. What is the angle of reflec- 
tion in each case in figure 
2°6? How does the angle of 
reflection compare with the 
angle of incidence in each 
case? 
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What Is Light? 
Part 2 
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Newton’s particle theory of light 
applied to reflection of light 
from mirrors and other 

less polished surfaces 


Bouncing particles 

Remember that Newton thought light is made up of little invisible 
particles. You can use this model of light to explain why the angle 
of incidence equals the angle of reflection for light reflected by a 
mirror. When you get the chance, see if you can trace the path of a 
tennis ball or a handball rolled along a level surface against a wall. 
You can think of light as little particles which bounce from a mir- 
ror exactly as large particles (tennis balls or handballs) bounce 
from a wall. 

But, you might ask, why doesn’t light reflected from all surfaces 
create images as flat mirrors do? Why is it that light reflected by 
a mirror from some other object carries the message of that object, 
while light reflected by a white sheet of paper only carries the 
message from that paper, no matter how many objects are around? 

The important difference between a mirror and a piece of paper 
is in the quality of surfaces. The polished surface of a mirror is 
nearly perfectly flat. Light rays striking the mirror are sharply 
reflected at the same angle, just as a tennis ball is bounced off 
a flat wall. However, the surface of a flat sheet of paper, when 
seen under a strong microscope, is far from flat. It has peaks and 
hollows. Parallel light rays striking such a surface are not all re- 
flected at the same angle. The light acts like tennis balls that are 
bounced off a wall of, say, unevenly rippled tin. The light is bounced 
off in many different directions. 

For you to see a reflection of something, such as your face, all 
the light traveling together from your face to some surface must 
bounce off in the same way. If the light from your face is scattered 
in many directions by a reflecting surface, not enough light carry- 
ing the message of your face will reach your eyes. So instead of 
seeing an image of yourself, you will see only the general ‘’‘mes- 
sage” of a plain piece of paper, which is reflecting whatever light is 
available. 





light rays 


mirror surface 






2-7 mirror reflecting a light beam. 


light rays 


paper surface 






2:8 Awhite paper surface reflecting 
a light beam. 
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Apply the rule of reflection 
to a mirror image 


Suppose you are looking at 
yourself in a mirror. Every 
part of your face must be re- 
flecting light to the mirror for 
you to see your whole face. 
The mirror in turn reflects the 
light back to your eyes ina 
predictable way. Ingoing rays 
of light from your face are 
reflected by the mirror at the 
same angle at which they hit. 
Many return to your eyes. 


But is your mirror image 
exactly like you? Is it the same 
size? How far “inside” the 
mirror is it? Is the left side of 
your image the same as your 
own left side? 


A reflection in a flat mirror 

is called a virtual image. You 
see it, but you can’t touch it. 
And no matter how you twist 
or turn the mirror, you can’t 
reflect the virtual image in it 
onto a wall or onto some other 
surface. 


Th 
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virtual image 
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mirror 





angle of incidence 
incident 





pitcher_* 


You can apply the rule of re- 
flection to virtual images. On a 
diagram, you can trace the 
path of light rays from an 
object to the mirror, and then 
to your eyes. You can also 
trace the path along which 
your eyes seem to see the 
image of an object “inside” or 
“behind” the mirror. Such a 
ray diagram can help you 
understand why a mirror 
image seems to be the size 

it is, why it seems as far in- 
side the mirror as it does, and 
why the left side of the image 
is not the same as the left side 
of the object itself. 


Your face is a complex thing 
to diagram. It is easier to 
draw a ray diagram for a sim- 
ple object, such as a small 
pitcher. 






angle of reflection 


reflected rays 


2°12 


left aye 


Notice what the front of the 
pitcher looks like in figure 
2-9. In figure 2-10, the front 
of the pitcher is facing the 
mirror. Is there anything 
about the image that is dif- 
ferent from the actual front 
view of the pitcher? 


A person is looking at the 
virtual image of the pitcher 
in the mirror. The diagrams 
show parallel light rays from 
the spout and handle of the 
pitcher traveling to the mir- 
ror and then to each of the 
person’s eyes (figures 2°11 
and 2:12). 


Try to answer the following 
questions by looking at the 
diagrams: 

(1) Are the two parallel rays 
in each diagram reflected 
to the person’s eyes at 
the same angle? 








right Ve 


(2) How does the distance 
the image seems to be 
inside the mirror com- 
pare with the object’s 
distance from the mirror? 


(3) How does the size of the 
object compare with the 
size of its image? 


(4) Is the left side of the ob- 
ject the same as the left 
side of the image? (That 
is, is the spout on the 
image of the pitcher on 
the same side as it is on 
the pitcher?) 


For the last question, also 
compare the photograph of the 
front of the pitcher (figure 

2°9) with the photograph of 
the mirror image of its front 
side (figure 2-10). 
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left Bye 


J 


right eye 


2:13b Diagrams of the view from Beethoven's left and 


right eyes. 
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To give yourself more practice 
in figuring out virtual images 
in flat mirrors, study figure 
2°13b. Try to answer the four 
questions on the previous 
page with these diagrams. 


Notice that all the diagrams 
on these two pages show two 
viewing positions—first with 
one eye, then the other. You 
should observe a mirror image 
from more than one position 
to check that you really are 
making accurate observations 
about its appearance and 
location. 


TESTA OURS EME 

1. This one is one for the fun 
of it: Can you twist your 
left hand so that it looks ex- 
actly like your right hand? 
The palms of the hands 
should face the same direc- 
tion and the thumbs should 
point in the same direction. 
Try to create that impres- 
sion with a flat mirror. 


2. a) How large will the vir- 
tual image appear to be as 
compared with the object in 
figure 2°14? 

b) What distance inside the 
mirror will it appear to be? 
c) Will the left side of the 
image be the same as the left 
side of the object? Explain. 


2:14 


2:16 


3. Copy the diagrams in figures 
2-14, 2°15, and 2-16 on a 
piece of paper. Complete 
the diagrams to show the size 
and location of the virtual 
images. 


ON YOUR OWN 


How large must the mirror be? 


Suppose you wanted to buy a mirror 
you could use as a full-length mirror, 
but to save money, you wanted to 
get the smallest mirror that would do 
the job. How long a mirror would you 
need? 


Stand in front of a tall mirror and es- 
timate how much of the mirror you 
need to see your whole image. Test 
your prediction by blocking off sec- 
tions of the mirror until you can no 
longer see all of yourself in it. Or fig- 
ure it out using a ray diagram of your- 
self in the mirror. (Remember the 
law of reflection, and that light from 
your feet must reflect off the mirror 
to strike your eyes.) 


Try to find out how long a mirror you 
need to see your whole image at sev- 
eral different distances in front of the 
mirror. Will the same-size mirror work 
no matter how close to the mirror 

or far from it you are? 
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Mirror, Mirror 
on the 
Wall 
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2-17 A stone relief from ancient aa 


Egypt showing a person with a 
round metal mirror. 
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A historical view of 
mirror use and manufacture 


Mirror images have always intrigued people. In ancient cultures 
mirror images were thought of as magic. Many believed a mirror 
reflects a person’s soul as well as his or her outer appearance. 
From this idea follows the belief that a person can damage the 
soul—or have bad luck—if the person breaks a mirror. Another 
belief was that the devil can capture a person’s soul by capturing 
the person’s mirror image. 

Mirror images have played an important part in stories too. 
One from ancient Greece tells about a boy named Narcissus who 
spent too much time looking at his image in a brook. So the gods 
changed him into a flower beside the brook. 

A mirror image is also involved in another fable from ancient 
Greece. In this one, told by the storyteller Aesop, a dog is carrying 
a piece of meat in his mouth as he trots across a log over a stream. 
The dog sees his image in the water. But he doesn’t recognize it 
as his. He wants the other dog’s meat. But when he opens his mouth 
to grab it, he loses his food in the water. 

Though both these Greek stories use water as the reflecting 
surface, scientists believe that metal mirrors were used in many 
ancient cultures. Archeologists have found bronze mirrors about 
5,000 years old. They look very much like modern hand mirrors 
—flat round reflecting surfaces with handles. 

People commonly used polished metal mirrors until well past the 
Middle Ages. However, by the 16th century, glass mirrors were 
common, especially in Venice. 

The glass makers of Venice had an involved process for making 
mirrors. They did not know how to make flat pieces of glass di- 
rectly. They started by blowing hollow tubes of glass which they 
cut and flattened. Next they polished the flattened pieces. Then they 
laid a sheet of tin foil on some other flat surface, spread clean mer- 
cury on the foil, and laid a sheet of paper over the mercury. Then, 
very gently, they lowered a sheet of glass onto the paper. They 
pulled out the paper as the glass was about to touch it. Thus the 
clean surface of the mercury came in contact with the glass. The 
Venetians left heavy weights on the glass until the excess mercury 
was squeezed out. At the end of the process, the back of the glass 


had a smooth layer of tin and mercury. This layer was the reflect- 
ing surface. 

Another process of coating glass with a metal was invented in 
1835 by Justus von Liebig (lé/bik), a German chemist. He used 
silver as the backing. He found that a form of silver will stick to 
glass when it is mixed and heated with a chemical called formal- 


dehyde. Silvered mirrors are still very common today. However,- 


modern mirror manufacturers have improved the silvering process 
a great deal. Now they usually spray specially prepared silver onto 
the back of a glass sheet. Then they spray copper onto the silver 
layer to protect it. Finally they apply several layers of dark paint. 

Either the front or the back of a mirror may be silvered, depend- 
ing on how the mirror is to be used. Ordinary, flat mirrors are 
silvered on the back. In this way the silver layer is protected from 
being easily scratched. However, the light striking the mirror must 
pass through the glass to be reflected by the silver backing. The 
resulting mirror image will be just a little distorted. The upper sur- 
face of glass also reflects some light, which adds to the distortion. 

For everyday use, small distortions in a mirror image are not 
important. However, mirrors used in delicate instruments, such as 
astronomy telescopes, must give accurate mirror images. So mir- 
rors used in such instruments are silvered on the top surface. 

Recently, a new way of making reflecting surfaces has been de- 
veloped. A thin, clear sheet of plastic is covered with a very thin 
layer of aluminum. The thin layer of aluminurn lets through some 
light and reflects the rest. Sometimes school laboratory mirrors 
are made this way. 

Big, very thin sheets of such plastic can be applied to window 
panes on the sunny side of a building. People inside the building 
can see out during the day because the aluminum-coated plastic 
sheets let some light in. But the inside of the building stays cool 
because the material also reflects much of the light. 

With such windows, an interesting thing happens at night when 
it is lighter inside than it is outside. From the outside the windows 
look ordinary. From the inside of the building, such windows are 
mirrors and reflect everything in a room. 





—_—- 





2:18 Manuscript decoration from 
the Middle Ages. 
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Mirror curves and reflections 


You have probably looked into 
a make-up mirror or a shaving 
mirror at one time or another. 
Do you remember seeing an 
image of your face that was a 
little larger than life size? Get- 
ting such an image is handy 
when you want to see your 
face closely. If you examine a 
mirror that gives a larger-than- 
life-size image, you'll notice 
that it is curved inwardly 
slightly. An inwardly curved 
surface is called concave. 


If you experiment a little, you 
can get three kinds of results 
when you look at yourself in 
a concave mirror. At one dis- 
tance you can see a larger- 
than-life image of your face. 
At another distance, you can 
see just a blur of color. From 
yet another distance, you can 
see an upside-down image of 
yourself. 


To see how your distance from 
the mirror affects what you 
see, let’s take a closer look at 
how curved mirrors reflect 
simple light beams. 


Concave mirrors, just as flat 
mirrors, reflect light at the 
same angle that light strikes 
the mirror. That is, the angles 
of reflection equal the angles 
of incidence. But to find these 
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2°19 


angles, you must think of con- 
cave mirrors as a series of 
small flat sections in a curved 
line. The light ray’s angles of 
incidence and reflection are 
measured with respect to the 
imaginary flat section where 
the light ray hits the mirror. 


Notice how much alike the 
light is reflected from the mir- 
rors in figures 2-20 and 2:21. 


The point at which reflected 
beams cross in front of a curved 
mirror is called the mirror’s 
focal point. However, all re- 
flected beams do not cross at 
the focal point—only those 
which were parallel to each 
other when they were ingoing. 


The distance from the center 
of the curved mirror to its 
focal point is called the focal 
length of that mirror. 


Notice what effect the curve of 
a mirror has on the focal length 
of a mirror (figures 2°22 
through 2:24). Is the focal 
length longer or shorter when 
the mirror is more curved? 


The curved mirrors in figures 
2-21 through 2-24 are curved 
in only one direction—from 
one side to the other—and 
not from top to bottom. Shav- 
ing and make-up mirrors, like 
the one in figure 2-19, are 


/ 


2:21 Light shining along the center line of a curved mirror 
is reflected back upon itself. Reflections of beams that 
strike the mirror parallel to its center line cross in front of 
the mirror at the focal point . The distance from its focal 
point to the center of the mirror is its focal length(2), 


RSS IDM 








curved in all directions. How- 
ever, the same rule applies to 
both kinds of curved mirrors. 
Parallel light beams striking 
the concave surface of either 
mirror will be reflected back 
through the focal point. 


You can prove another inter- 
esting thing to yourself. If you 
shine light beams through the 
focal point, notice how the 
light is reflected (figure 2-25). 
How would you describe this 
property? 


Keep in mind these two ob- 
servations of how concave 
mirrors reflect simple light 
beams. They will help you ex- 
amine the images in concave 
mirrors more closely. 
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Define the term “concave.” 


Describe the three kinds of 
images you can see in a con- 
cave mirror. 


. Does the rule of light reflec- 


tion apply to concave mir- 
rors as it does to flat mirrors? 
Explain. 


Define the term ‘‘focal point’ 
as it applies to any concave 
mirror. 


. Define the term “focal 


length” as it applies to a con- 
cave mirror. 


If two light beams head into 
a concave mirror through 
its focal point, how will the 
two beams be reflected? 


What’s the larger-than-life 
image you see? 


When you get the chance, 
compare your image in an or- 
dinary flat mirror to that in a 
concave shaving or make-up 
mirror when your face is close 
to the mirror. You will see that 
your images are alike, except 
for one thing. Your image in 
the concave mirror is larger 
than life. The diagram in 
figure 2:26 shows the possible 
way light rays from an object 
might be reflected by a con- 
cave mirror so that you see 

an enlarged image. 


Notice that the two things 
you have learned about the 
way concave mirrors reflect 
light are used in the diagram. 
Parallel light rays striking a 
concave mirror are reflected 
back through the mirror’s focal 
point. Rays which are strik- 
ing the mirror along a path 
which goes through the focal 
point are reflected parallel to 
each other. 


When something is between a 
concave mirror and its focal 
point, as in figure 2°26, you'll 
always see its virtual image. 
Your brain “sees” the image 
behind the mirror. Just as in 
diagrams for a flat mirror, the 
dotted lines behind the mir- 
ror represent your imaginary 
line of sight to the image. 


One of the things affecting 
the size of a virtual image ina 
concave mirror is the amount 
of curve the mirror has. You 
can probably predict whether 
a slightly curved or a sharply 








2-26 


curved mirror will give a 
larger image if you keep an 
object the same distance from 
the mirror. Compare figures 
2:26 and 2:27. Do they support 
your prediction? 


virtual image 


mirror 


Things turned upside down 


As you move an object back 
and forth in front of a concave 
mirror, there is one position 
of the object where you see 
only a blur in the mirror. If 
you measure from the center 
of the mirror to this area, you 
will find you have the object 
at or near the focal point of 
the mirror. 


When you move an object 
through this blurry area and 
farther from the concave mir- 
ror, you will see something 
different—a smaller-than-life 
upside-down image. If you 
are the “object,” wink with 
your left eye. Or extend your 
right hand to the image. 


On which side do you think 
the image will wink or which 
hand will it extend? Try it 
sometime with a concave 
shaving or make-up mirror. 
(You might want to look back 
at the third photograph in 
figure 2°19.) 
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2:28 Amask with a cut-out in the 
shape of crossed arrows Is covering 
the projector lens. The concave mirror 
is projecting an upside-down image 
of these arrows onto the card. 


If the upside-down image 
created by a concave mirror 
is bright enough, you can do 
something interesting with 

it. You can project that image 
onto another surface, such as 
a wall or a card (figure 2°28). 
You can not project an image 
onto a wall or piece of paper 
if you use a flat mirror. Try it. 


Flat mirrors give only virtual 
(not-there) images. Virtual im- 
ages can not be reflected onto 
anything. If you want to see a 
virtual image, you have to 
look right into the mirror. 
And, the only way you can 
photograph a virtual image is 
to point the camera at the mir- 
ror so that the camera ‘’sees” 
the same thing as your eyes 
would in that position. 


On the other hand, you don’t 
have to look into the mirror 
to see the upside-down image 
reflected by a concave mirror. 
If a card or some other sur- 
face is at the right distance in 
front of the mirror, the mirror 
can project an image onto that 
surface. You can then look 

at that surface and see the up- 
side-down image. 
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These upside-down images, 
which can be projected onto 
another surface, are called 
real images. 


There is a reason why flat 
mirrors can not reflect an im- 
age onto another surface and 
concave mirrors can. 


Remember that parallel light 
rays striking a flat mirror 
will all bounce off the mirror 
at the same angle and in the 
same direction. If nothing in- 
terferes, no two or more of 
these reflected rays will meet 
to form an image on another 
surface. 


The two rules you know about 
the way concave mirrors re- 
flect light can help you under- 
stand why concave mirrors 
can project real images of ob- 
jects onto a surface. 





1) Light rays striking a mir- 
ror parallel to each other 
will both be reflected and 
meet at the focal point of 
a concave mirror. 


2) Light rays traveling along 
paths which cross the focal 
point will be reflected by 
the concave mirror parallel 
to each other. 


In figure 2-29, study how these 
two rules are applied to trace 
the path of light rays striking 
the mirror from the object. 


Notice where the real image is 
formed in each case. What two 
different kinds of rays meet to 
form the bottom of the image? 
to form the top of the image? 
How does the distance of an 
object from a concave mirror 
affect the size and location of 
its real image? 


image object 


2:29a 


object image 





2-29c 
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Which kind of image in a 
concave mirror can be focused 
onto a wall or some other 
surface—a virtual image or a 
real image? 


. When you put your face very 


close to a concave mirror 
(within one focal length), are 
you seeing a real or virtual 
image? Is it larger or smaller 
than life size? 






image Object 


2:29b 


2:29d 


. If an object is exactly at the 


focal point of a concave mir- 
ror, what will the object look 
like in the mirror? 


. What are the two rules which 


have been used in this sec- 
tion to explain images in con- 
cave mirrors? 








5. Describe how the size and 


location of a real image 
changes as an object is placed 
before a concave mirror (a) 
between one and two focal 
lengths, (b) at two focal 
lengths, (c) a little farther 
than two focal lengths, and 
(d) noticeably farther than 
two focal lengths. 
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A concave reflecting surface 
is used to harness 
the sun’s energy 





Sunlig ht: Things such as metal chairs or cars get hot if left in the sun ona 

warm day. You, too, get warmer sitting in the sun than in the shade 
Fuel on such a day. Light is associated with heat. A solar furnace is a 
fora device that uses this idea. It captures sunlight for its heat energy. 
Furnace : One of the world’s largest solar furnaces is in Odeillo, a small 


village in the French Pyrenees mountains. This solar furnace has 
an eight-story-high concave reflecting surface which can concen- 
trate enough sunlight to cause temperatures of over 3,300° Celsius 
(or about 6,000° Fahrenheit). 

The huge concave reflecting surface is really made up of 8,570 
separate mirrors. These many small mirrors are adjusted so that 
they all focus light to a point exactly 18 meters (59 feet) in front 
of the eight-story reflecting surface. 

As you know, a concave reflecting surface will concentrate incom- 
ing parallel light at its focal point. The Odeillo solar furnace has 
a special way of getting parallel light to its concave surface. Sixty- 
three small mirrors are in rows on a slope opposite the concave 
surface. These small mirrors follow the sun as it moves across the 
sky. They capture its light and bounce it to the concave reflecting 
surface. Each of these small mirrors has a special control which 
automatically tilts the mirror at the correct angle to the sun and the 
concave reflecting surface. 

The sunlight which the concave surface receives from these 
smaller mirrors is focused in an “oven” building. In this building, 
a target, such as a piece of metal, can be lifted to the focal point 
to test its resistance to heat. A trough under the target material 
carries off the material as it melts and drips from the sun’s heat. 
For example, it takes only one minute for light reflected by the huge 
concave surface to cut a hole through a steel plate about 1 centi- 
meter thick! 

A very good thing about the solar furnace is that its energy out- 
put comes directly from the sun. Nothing has to be burned to ob- 
tain this energy. Thus the furnace does not add pollution to the air. 
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2:30 Solar furnace at Odeillo in the 
French Pyrenees mountains. Notice 


the concave reflecting surface on the 
front of the building. Also notice the 


backs of the small mirrors on the slope 


opposite the concave surface. 
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Another 
Kind 
of 


Curved Mirror. 


Reflections in 
convex mirrors 


So far, you’ve studied about flat and inwardly curved mirrors. But 
there are also mirrors that are outwardly curved. That is, they are 
convex. 

Many trucks and buses have rear-view mirrors that are partly 
flat and partly convex. In the flat part, the driver sees life-size 
images of what goes on behind the truck or bus. In the convex part, 
the driver has a smaller-than-life-size image of a wider part of 
the highway. With this wider view, he or she is not as likely to be 
surprised by a faster car suddenly trying to pass. 

Outwardly curved mirrors are also used in some stores. Such 
mirrors are usually put high up at the back of the store so that the 
store clerk can see what goes on in all parts of the store. 

The image that you see in a convex mirror is a virtual one. It 
can’t be projected onto anything the way the real image caused by 
a concave mirror can be. 
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ON YOUR OWN 


Images from a curved mirror 


Get a concave shaving or make-up mirror. 
Usually such mirrors are only slightly con- 
cave. But if the mirror gives you a magnified 
image when you hold it close to your face, 
you can be sure it is concave. Now do the 
activity described in the second paragraph 
on page 44. 


Next try to cast an image on a white card or 
piece of paper. 


Take it and the mirror to a window. Close 
the curtains or pull down the shade so that 
only a narrow slit remains open. 


Hold the mirror so that it faces out. Hold the 
white card in front of the mirror, but slightly 
above so that light from the outside can 
strike the mirror. 


Turn the mirror upward very slightly and 
move it back and forth within 15 to 40 centi- 
meters of the white paper. You should get 
an image on the paper of the scene outside 
the window. 


ON YOUR OWN 


Eyeglasses as mirrors 


All clear glass reflects some of the 
light shone on its surface. So a piece 
of glass can be used as a mirror. You 
can use an eyeglass lens, in fact, as 
apair of double mirrors. The lens 
should be the kind used in glasses for 
near-sighted people. That is, they 
should be the kind used by a person 
who can’t see well far away. 


Look at the lens from the side which 
would be the “outside” if a person 
were wearing the glasses. There are 
now two surfaces facing you, both 
convex—one on the side nearest you, 
the other on the far side. Both can act 
aS Convex mirrors. 


You can see the mirror effect best 

if you have a dark surface behind the 
lens. Then the reflections of the ob- 
jects behind you will be most noticeable. 


Use the glasses to see an image of 
yourself. You will see two images, one 
from each convex surface of a lens. 
Are the images upside down or not? 
Move the glasses around a bit and see 
how the images move. Which image 
do you think is the reflection from 
which surface? 


Turn the glasses around so you're 
looking at the concave side. Again you 
will see two images. Are these up- 
side down? Move the lens around and 
observe how the images move. Which 
of the two surfaces is producing which 
image? 
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It can be a beach party ora 
graduation, a family picnic or 
a holiday dinner. Chances 
are someone will have a 
camera for recording the 
happening. 


The camera might be a sen- 
sitive one with many adjust- 
ments. Or it might be a very 
simple one on which you just 
press a button. The function 
of both is the same. Both 
capture and record images. 





The basic ideas that make 
any camera work are sim- 
ple. In fact, they are so sim- 
ple that you can make a 
crude working camera out of 
a cardboard box. The two 
main things you have to do 
is make a pinhole in one end 
of the box and fasten some 
photographic film inside the 
other end. 


This chapter is about some 
things that happen when 
light passes through a small 
opening. With these obser- 
vations you will be continuing 
your investigations of ‘what 
is light?” 


“Catching” an image 
through a pinhole 


The design of cameras is 
based on the idea that light 
reflected from an object can 
produce a likeness of that ob- 
ject on another surface. In the 
camera, this surface is the 
photographic film. 


You can use concave mirrors 
to form images that you can 
“catch”’ on another surface 

(chapter 2). In the next chap- 





ter you will investigate how 
lenses do the same thing. But 
right now take a look at some 
real images produced with 
nothing fancier than a card 
with a hole in it. A small hole 
made by a pin is just the 
right size. 

When light from a bright ob- 


ject passes through the pin- 
hole, it forms a real image of 


the object on any card, wall, or 
film that is placed behind the 
pinhole. The images in figures 
3-1 and 3:2 were formed in 
that way. 


Notice that almost all the 

light reaching the second piece 
of cardboard comes through 
the pinhole from the object. If 
there were much light coming 
from other places, you would 
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lose the image. There would 
not be enough difference in 
brightness between the image 
and the background. 


With your eyes, trace the path 
of a light ray from the top of 
the object, through the pin- 
hole, to the cardboard on 
which the image is falling. 
Also trace the path of a ray 
from the bottom of the object 
through the pinhole (figures 
3°3 and 3-4). 


Notice the direction of the 
image compared to that of the 
object. How would you de- 
scribe this pinhole-produced 
image? In what ways is it 
reversed? 
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When an object is moved 
farther from the pinhole or 
closer to it, the size and sharp- 
ness of the image on the screen 
change. Similar effects take 
place when the surface which 
receives the image is moved 
back and forth. 


The photographs and draw- 
ings show some important re- 
lationships between object 
and image. Take the object 
which is 16 centimeters tall 
and 32 centimeters from the 
pinhole, for example. The 
image is 12 centimeters tall 
and 24 centimeters from the 
pinhole. The object’s height is 
what fraction of its distance 
from the pinhole? The image’s 
height is what fraction of its 
distance from the pinhole? 


At this point, the question is 
whether the fraction ¥2 is 
special, or whether the equal- 
ity of the fractions is the im- 
portant thing. 


Take another example. Sup- 
pose the object is 14 centi- 
meters tall and is 42 centi- 
meters from the pinhole. Its 
image is 8 centimeters tall and 
24 centimeters in back of the 
pinhole. This time the object’s 
height is 1s of its distance 
from the pinhole. And the 
image’s height is 1/s of its 
distance from the pinhole. 


So it is the fraction of height 

over distances that is equal on 
both sides of the pinhole. This 
relationship helps you predict 
how the size of the image will 
change as you move the object. 


You can also predict whether 
a pinhole image will be 
brighter or dimmer as you 
move an object farther from 
the pinhole. 


Remember that only a fixed 
amount of light gets from an 
object through the pinhole to 
form,the image. When you in- 
crease the distance of the ob- 
ject from the pinhole, the light 
that passes through the pin- 
hole forms a smaller image, as 
we have just seen above. In 
other words, the light is con- 
centrated on a smaller part of 
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the wall or card. So while the 
image is smaller, it is also 
brighter. But if the same 
amount of light had to form 


a larger image, the light would 


be spread over a larger part 
of the wall or screen. So each 
part of the image would be 
less bright. 


Another thing that can affect 
the size and sharpness of the 
pinhole image is the size of 
the pinhole. Notice in figure 
3-5 what happens when the 


pinhole is larger than average. 


If you would like to apply 
what you have learned about 
pinhole images, see the in- 
structions on page 58 for 
building a pinhole camera. 


TEST SYOURSELE 


1 


ho 


Will a pinhole image of an 
object become larger or 
smaller as you move the ob- 
ject closer and closer to a pin- 
hole? 


As you move the card on 
which you are “ catching’ 
a pinhole image closer and 
closer to the pinhole, will 
the image get larger or 
smaller? 


As you move the card on 
which you are “catching” a 
pinhole image farther and 
farther from the pinhole, will 
the image get more or less 
bright? 


What does increasing the size 
of the pinhole do to the 
image? 


The pinhole image of a house 
on a card 3 centimeters from 
the pinhole is 1 centimeter 
high. The house is 36 meters 
from the pinhole. How tall 

is the house? 
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ON YOUR OWN 


‘cardboard support for film 


cardboard 


< a How to make a F pinhole camera. 


oe piece of aluminum foil, Beas on the 
foil so that it stays in place. With a pin, 
punch a hole near the top of the aluminum 
foil insert. Bend each end of the extra 
piece of cardboard so that it fits ee 
easily inside the box. 


Caution: Only the light coming icon the 
pinhole should reach the film you will put 
in the box. So check all possible places 
where light might enter the box. Cover 
any cracks with adhesive or masking tape. 
You should also keep the pinhole covered 
until you are ready to point your camera 
at the scene you want to photograph. So 


sors toa ae: “ak room. But before 
J SO, read the following: 


In the dark, open the film and cut it into 
strips that will fit on the extra piece of card- 
board. Tape one piece of the film to this 
piece of cardboard. Be sure that the film 
_ faces the pinhole. Wrap the pieces of film 
_ that you are not using in aluminum foil 
a) that no light will reach them. 


: s You will have to experiment with scenes of 


various brightness and at various distances 


from your camera. You will find that the 


distance of the film from the pinhole will 
also affect your results, as will the length of 
time you keep the pinhole open. 


‘After you have taken a picture, retape 


the flap over the pinhole. Then bring the 
camera back into the pitch-dark room. 


Open the box and take the exposed film 
off the cardboard. After you have carefully 
wrapped the exposed film in aluminum foil, 
you can take out a fresh piece of film and 
prepare to take another picture. 


When you have taken as many photos as 

you want, take the film to a photography 

shop or the photography counter at some 
other store for development. 








What Is Light? 
Part 3 


Huygens and Young challenge Newton’s 
particle theory of light 


Light can do some strange things 

In your study of pinhole images, you probably found it fairly easy 
to get a mental model of how these images are formed if you 
thought of light as traveling in a straight line. Light from the bottom 
of an object seems to travel in a straight line through the pinhole 
to the image. In the same way, you could trace light from the top 
of the object through the pinhole to the image. 

Shadows also seem to be evidence that light travels in a straight 
line. Hold up your hand next to a wall when there is a bright light 
behind your hand. You can draw a ray diagram of the possible path 
of light from the lamp, past your hand, to the wall. The obvious 
path seems to be a straight one (figure 3-7). 

What you know about shadows and all that you have observed 
about pinhole images can be easily understood in terms of the 
particle theory of light—the theory that light is made up of very 
small particles. In the ray diagrams you have made and studied, 
the lines representing light rays show the possible path of the light 


particles. The lines are always straight ones. 
3-7 
































60 


You can make an interesting observation if you take a closer 
look at the shadow in figure 3-7, or at any other shadow. No mat- 
ter how crisp a shadow’s edges may seem at first glance, they are 
not clean-cut at all. Especially with a magnifying lens, you can see 
that they are quite fuzzy. So the light in this situation is not trav- 
eling in absolutely straight lines after all. It is curving slightly as it 
passes the hand in the photo. Shadows always have such fuzzy 
edges, no matter how bright the light source is or how sharp are 
the edges of the object causing the shadow. This effect of fuzzy 
edges is called light diffraction. The particle theory of light can not 
explain it adequately. 

Another experiment raises still more questions about the particle 
theory of light. Very bright light passing through two very small 
pinholes very close together comes out not as two spots, but as a 
series of curved lines (figure 3-8). Apparently the light from one 
opening interacts with the light from a close-by opening. This 
effect is called light interference. 

Perhaps you remember that in the first chapter there was no ex- 
planation for the separation of white light into its colors by a 
device called a diffraction grating. In these gratings, light is sep- 
arated into its colors by thin lines scratched very close to each 
other. Here again the smallness and closeness of the lines have 
something to do with the effect’ you see. 

But can light particles create all these different situations? This 
is a question that bothered scientists for many years. But someone 
always has a theory. 





The waves roll in 

One of the things that fascinated early philosophers and scientists 
about light was its way of affecting things at a distance. How could 
the light from a bonfire, a torch, the sun, or the stars be seen from 
far away? How could the energy from the sun or a bonfire make a 
person feel warm? How does light get from one place to another? 
How can light “act at a distance’’? 

You can use a common situation to explore the problem of 
affecting something without ever going near it. Suppose you found 
a ball floating in the middle of a pond, and you wanted to make 
it jostle about. One way would be to wade in after it. But this pond 
is deep and dark, so you decide to “‘act at a distance.’’ One way to 
keep dry and to make the ball move around would be to poke it 
with a stick. But there aren‘t any sticks around that are long enough. 
The pond does have plenty of pebbles and rocks around it, though. 
So you try throwing some rocks at the ball. You score a few hits, 
and you’ve made the ball move around from a distance. 

If you accept the idea that light is made up of particles, you 
could compare the rocks and pebbles, thrown at the ball, to light 
particles traveling through a distance to strike something. Rocks 
and pebbles will bounce off the ball when they hit it. Light also 
bounces off surfaces, such as mirrors, when it hits them. 

You'll remember that Isaac Newton worked with the theory 
that light is made up of particles. The idea first became popular 
when Newton suggested it in his book, Opticks, published in 1704. 
He based his theory in part on observations of the straight path 
which light seems to follow to strike mirrors and to be reflected 
by them. His theory did not explain all his other observations about 
light. But it seemed a possible theory to him. 

Newton, who was a very well thought of scientist during his 
lifetime and after, might have had doubts about his theory. But 
his followers did not. The particle theory was what one was sup- 
posed to accept. Fortunately for science, if not so happily for our 
peace of mind, there were a few doubters. Let’s go back to the ball 
in the pond for an idea of another way to affect something at a 
distance—as light does. 
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At the pond, some of the rocks you throw at the ball are bound to 
miss. They fall in the water near the ball, and make waves. The 
waves jostle the ball just as the rocks did: That gives you an idea. 
You stand at the shore of the pond and make waves. The big ones 
spread out into the pond and reach the ball, making the ball jostle 
about. 

Christian Huygens (hi’genz), a Dutchman who lived during 
Newton’s time, thought the mental model of waves could be 
applied to light. He did not follow the light-is-particles crowd. 
However, his model stood unsupported until 1802. That year, 
Thomas Young took up the banner for the wave theory of light. 
(Young was also the first to scientifically explain how the human 
eye sees color.) He had observed the light-and-dark patterns when 
light passes through very small openings that were discussed in 
the previous section (figure 3°8). 

Before getting into light waves, however, let’s look at water waves 
more carefully. We cannot see light waves. We can see only some 
things which might be caused by wave behavior of light. But water 
waves are visible. What we can learn from observations of water 
waves, we can use to better understand some things about light. 


What’s a wave? 
Even if you do not live near the seashore or near a large lake, 
you certainly have seen waves. Waves are the regular ridges and 
valleys on the water surface. You can also make and observe waves 
in a bathtub, a sink, or a puddle. To help your observations, you 
should have a very small piece of cork or a small twig floating in 
the water. 

First, notice that when you dip a pencil point in the water, the 
waves spread outward in all directions from the pencil. 

Second, notice that the regular motion up and down does not 
move the piece of cork or the twig across the water. It only bobs up 
and down in the same spot. You can infer from this observation that 








waves don’t move any water across the surface either. (If you live 
near the seashore, you know that there is usually a current and an | 
undertow that can move things from place to place in the water. In | 
some cases these are related to waves, but they are not waves | 
themselves.) i 

The third thing to notice is what happens when one wave meets 
another wave. You can create two sets of waves at once by dipping 
two pencils into the water at the same time a little distance apart. 
You will see a new pattern of peaks and valleys. 
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Then notice what happens when a water wave passes through a 
small opening in a barrier. Even when a small part of a wave that 
could be considered practically straight goes through the opening, 
it emerges on the other side of the opening not straight but curved. 
In fact the wave looks as if it had been formed by a pebble dropped 
where the hole is in the barrier. 

Finally notice what happens when a wave passes through two small 
openings in a barrier. This new pattern will be different but pre- 
dictable if you remember what happens when waves pass through 
one opening: The waves will start expanding in a semi-circle from 
the holes (figure 3-13). Notice that when the new waves start ex- 
panding from the two side-by-side holes, they don’t touch. But a 
moment later they do. And still later they’ve overlapped quite a 
bit. Look at the points where the highest part of one wave meets 
the highest part of another. These points form definite patterns. 

Through all these observations one thing remains the same. A 
wave started in one part of a body of water can cause motion along 
a large surface of that body of water. To make something move 
requires energy. Thus water waves must transmit energy. 


The particle theory is challenged 

The light-and-dark patterns that Thomas Young observed when 
light passes through very small side-by-side holes reminded him of 
certain wave effects. In particular they reminded him of the pattern 
formed by water waves interfering with each other after passing 
through two small openings. 

Young compared the areas where the high points of water waves 
cross to the bright areas in the light pattern. The intersection of the 
high points of two water waves is in line with other such inter- 
sections. Young compared the dark bands of a light interference 
pattern to those areas where water waves are not forming this 
pattern of intersections. 

Diffraction, the effect that you sometimes see when light seems 
to bend around an edge, Young compared to the curving of water 
waves when they pass through one small opening. From such 
observations, Young was sure that Newton’s particle theory 
wasn’t all in the right. 

On one point, however, he did agree with Newton. He too 
believed that white light is made up of colors. But Young went one 
step further. He suggested that the different colors of light were 
waves of different lengths. For example, the high points of blue 
light are much closer together than the high points in red light. 
Therefore, a diffraction grating—the device with many small 
etched lines—can separate white light into its spectrum by separat- 
ing out the different wavelengths. 

Young’s work gave the first clear-cut evidence for the wave 
model of light over the particle model of light. The wave model 
would have shattered Newton’s particle theory right away. But 
Young had gotten himself disliked by an important politician- 
scientist named Henry Brougham (brii’/am). Young had criticized 
some of Brougham’s writings too strongly. Brougham got back at 
Young by making fun of Young’s experiments. Young’s conclusions 
were not taken seriously for another 15 years. But Young was to 
have his day, as you will see in the next chapter. 
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ON YOUR OWN 


You can make light bend 


All you need for this activity is a cloth hand- 
kerchief and a streetlight. At night when the 
streetlight is on, hold the handkerchief in 
front of your eyes and look at the light 
through it. 


Compare what you see through the hand- 
kerchief with what you see when you look 
directly at the light. Now turn the handker- 
chief slowly in front of your eyes as you 
look at the streetlight through it. Notice 
what is happening to the pattern you see. 


The pattern you have seen is caused by the 
bending of light as the light passed through 
the mesh of the handkerchief fabric. That 
bending is called diffraction. 


You can get a slightly different effect with 
the following materials: 
Flashlight 
Cardboard, 2 thick pieces 30-cm 
square (12-in square) 
Straight pin 
Tape 
Marking pencil 
Scissors 


PROCEDURE: Take one card and make two 
tiny pinholes in it, as close together as you 


can make them. With the pencil, draw a 
circle around the holes so you can find 
them easily. It might be a good idea to 

make several pairs since it’s difficult to 
make the holes both small enough and 

close enough together in one try. 


Trace the head of the flashlight on the other 
card, then cut out the traced shape. Make 
one pinhole in the center of this cardboard 
shape. Tape this cardboard in front of the 
flashlight so that the light shines through 
the pinhole. 


Put the turned-on flashlight on a table at 
one end of a large dark room. Step back 
from the light 3 meters (about 10 feet). 


Put the card with the pinhole pairs in front 
of one eye. Close your other eye. Move your 
head around until you see the light from 
the flashlight. The light should look dif- 
ferent than it does without the pinholes in 
front of your eye. Remove the card and see 
if there is a difference. If not, try another 
pair of pinholes. 


The pattern of light that you get by looking 


- through the pair of pinholes is due to light 


interference. 


Chapter 4: Lenses 


Pinhole cameras can be in- 
teresting, but they are not as 
handy as ready-made cam- 


When the light reflected or 
given off by some object 
passes through a pinhole, 
you can get an image of that 
object on a flat surface. The 
image is always upside- 
down. 





As you move the pinhole 
back and forth between the 
object and the surface on 


which its image is falling, the j 


image changes in size and 
clearness. However, the im- 
age is not very bright, even 
when the pinhole is in the 
best possible position. 


If you were to take a con- 
ventional camera apart, you 
would find that it is essen- 
tially a pinhole camera with 
a lens where the pinhole 
should be. The lens in place 
of the pinhole apparently 
does something to gather 
more light than does a pin- 
hole. With a lens in place of 
the pinhole, the image is 
brighter. 


eras for getting good photos. 


go 


Lenses have two obvious 
qualities which determine 
the effect they have on light. 
First, lenses are made of 
transparent material such as 
plastic or glass. Second, they 
are always smoothly curved. 
But how do these two qual- 
ities make lenses give the 
results they do? That’s the 
subject of this chapter. 

































Angles of light 


Let’s first consider the trans- 
parency of a lens. This series 
of photographs shows a trans- 
parent glass block as you 
would see it if you looked 
down on it from above. 


Some straight lines have been 
drawn perpendicular to two 
surfaces of the glass block. As 
you might remember, a line 
drawn perpendicular to a sur- 
face is called a normal to that 
surface. Normals are handy 
when you deal with angles. 
In this case, use the normals 
to compare the angle of light 
in the air to that in the glass 
block. 


A 


When the narrow light beam 
strikes the glass block along 
the path of the normal, noth- 
ing unexpected happens. The 
light goes straight through the 
glass block. However, the 
other two photographs show 
something different. In these 
you have to consider the angle 
at which the light beam 
travels. 


When you were investigating 
how light is reflected from 
mirrors, you measured the 
angle of incidence and the 
angle of reflection. These are 
the angles between the nor- 
mal line and the path of light 
rays. You can also measure 
angles of incidence for the 

4-2 
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Light beam striking glass block along imaginary 
normal. 






acted 


light rays in the second two 
photos. These angles are 
always labeled i. They are the 
angles between the path of the 
incident (incoming) rays and 
the normal line. 


Notice that the angles of 
incidence can be either in the 
air or in the glass block. When 
the light is leaving air and en- 
tering the glass, the angle of 
incidence is in the air. When 
the light is leaving the glass 
and entering the air, the angle 
of incidence is in the glass. 


The photographs show that 
the light beam bends as it 
passes from air to glass or 
from glass to air if it hits the 
surface between them at an 
angle. The angle between the 
refracted (bent) ray and the 


normal is called the angle of 
refraction. The angles of re- 
fraction in these photographs 
are always labeled r. Notice 
that they are always the angles 
after a light beam has passed 
from one material to another. 
And they can be in either the 
air or the glass block. 


From these photographs, and 
experiments you might have 
done yourself, try to think of a 
way the angles of incidence 
always compare with the 
angles of refraction. For ex- 
ample, are the angles of re- 
fraction larger or smaller than 
the angles of incidence when 
the light enters glass from air? 
Are the angles of refraction 





larger or smaller than the 
angles of incidence when light 
enters air from glass? 


This is another way to ask the 
same questions: Does light 
bend away from or toward the 
normal when it enters glass 
from air? Does it bend toward 
or away from the normal when 
it.enters air from glass? . 
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Angles of light in 
various materials 





The transparent blocks in 
these photographs look almost 
the same. But notice what q 
happens when Srila aN beam be SO NE Oe ne x Bs 
of light traveling through the refractedray | 
air strikes each block. As the 

light beam enters each block, 

it is bent. But it is bent a 

slightly different amount in 

each block. normal 


The blocks might look the CLEAR ELS 

same, but they are not the 4-4 
same. One is solid clear plas- 
tic. The other two are very 
thin plastic boxes filled with a 
liquid. One is filled with 
water, the other with castor 
oil. 






normal 


If you were to shine light in- 
to the same materials at the 
same angle you should get re- 
sults similar to the ones in the 
photographs. You would find 
that the amount of light bent 
(or refracted) by a transparent 
material depends upon the 
material. Some refract light 
more; others less. 


People working with trans- 
parent materials often want to 
compare refraction in one ma- 
terial to that in another. The 
extent to which a material 
refracts light is indicated by a 
number called the index of 
refraction. The more sharply a 4-5 
material refracts light toward 

a normal, the higher is its 








normal 
WATER 
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index of refraction. For ex- 
ample, the material which 


bends the light beam the most 


also has the highest index of 
refraction. Compare figures 
4-4 through 4-6 with Table 1. 


Table 1 

Index 

of 
Refraction 

Castor oil 1.47 
Common glass 1256 
Diamond 2.42 
Emerald 1.58 
Isopropyl alcohol Si 
Plexiglass (plastic) 1.50 
Quartz 1.46 
Ruby 1715) 
Water iEoS 


Basically, the index of refrac- 
tion is a comparison of the 

path of light in air to that in 
some other substance. Some 
substances refract light more 


normal 


4-6 


or less than others. So the in- 
dex of refraction is different 
for different substances. 


ES OER Eick 

1. Define the terms “angle of 
incidence’ and ‘angle of re- 
fraction” as used when talk- 
ing about light entering and 
leaving a transparent mater- 
ial of any kind. 


2. Draw a diagram to show 
approximately what happens 
when a narrow light beam 
enters a glass block in the 
following ways: 

(a) head on, 
(b) at an angle of incidence 
of about 50 degrees. 


Note: Don’t forget to draw a 
normal at the point where the 
light beam enters the glass. 


3. Draw a diagram to show ap- 
proximately what happens to 


a narrow light beam that 
enters the following sub- 
stances at an angle of 45 
degrees: 

(a) a glass block, 

(b) a quartz block, 

(c) a very thin transparent 
plastic box filled with water. 


See Table 1 for the refractive 
index of each of these materials. 


Note: Consider only the water 
in the last example. The plastic 
box will not interfere with the 
results too much because of tts 
thinness. Also, don’t forget the 
normals. 


4. Now a little different twist: 
Suppose all three blocks in 
question 3 were put side by 
side so closely that there is 
no air space between the 
three blocks. Then a narrow 
light beam is shone through 
the blocks—from the glass 
directly into the quartz and 
from the quartz directly into 


the water. Draw a diagram to 


show approximately what 
happens to the light beam 
at each surface. 


Note: It is very important to 
know whether the refractive in- 
dex of the substance the light 

is leaving is larger or smaller 
than that of the one the light 

1s entering. 
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Zigzagging 
Light 
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When an incident angle of light 
becomes too large, 
total reflection occurs 


If you open your eyes when you're under water in a swimming pool 
or a lake, you will probably find that you can’t see above the sur- 
face of the water. This will be true especially if you don’t look 
directly above you. If the water is clear and still, however, you 
might see the mirror image of the bottom of the pool or lake. 

You can also see this kind of reflection if you take a look at the 
under surface of water in a large fish tank or some other glass con- 
tainer. From the side of the container, try to see the surface of 
the water as a fish would. You should see the reflection of whatever 
is in the container. There is an explanation of these situations. 
This explanation involves refraction and reflection of light. 

You've seen light refracted when it goes from air to some other 
material such as glass or water. You’ve also observed light leaving 
these other materials and being refracted in air. However, in the 
cases you have studied so far, the angles of incidence were never 
very large. They were never so large that the light was refracted. 
more than 90°. 


= fi — 
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Now notice what happens when a light beam’s angle of incidence 
is made larger and larger in a tank of water (figure 4-8). When the 
angle of incidence is past the point where the refracted beam in 
air would be parallel to the surface of the water, the whole beam 
of light is not refracted. It is reflected right back into the water. 
In other words, the inner surface of the water is now acting as a 
mirror. As mentioned earlier, if you look at the inner surface of a 
tank at the correct angle, you will see a reflection of whatever is 
in the tank. The result is the same as you would get if a mirror 
were there. This situation is called total internal reflection. 

One of the most promising ways total internal reflection is used 
is in “piping” light through transparent plastic wires. As you can 
see (figure 4:9), most of the light that hits the inner surface of each 
plastic wire, hits it at such an angle that total internal reflection 
occurs. When the reflected light hits the opposite inner surface of 
the wire, the same thing happens. Most of the light is reflected 
back into the plastic. In this way, the light makes its way through 
each wire to the other end. Only there does it leave the wire and 
enter the air. 

This way of bringing light from one place to another is called 
fiber optics. With fiber optics, light can be made to enter and leave 
small enclosed areas. For example, doctors have instruments which 
use fiber optics for viewing inner parts of the body which would 
otherwise not be visible without surgery. 
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The particle theory does not 
explain refraction very well 


Refraction—and the waves roll on 
Refraction of light is common and put to good use in the modern 
world. However, it used to make scientists uneasy. Let’s go back 
into history again for this story. 

The year was 1850. The results of several interesting experiments 
with light had been published. Two French scientists, Jean Foucault 
(fu ko’) and Armand Fizeau (fé zd’), had measured the speed of 
light in air and in various other transparent materials. Their results 
showed that light travels faster in air than in any other material. 

The supporters of light-is-waves were pleased. They said that 
now it was proven that light is a series of waves. The light-is- 
particles crowd felt very uncomfortable. And for good reason. 


Newton’s theory 
As you'll recall from your study of mirrors, Sir Isaac Newton 


thought that light is made up of small particles traveling in a 


straight line. And he showed that light bounces off a mirror in a 
straight line at the same angle that it hits. Balls can be used to 
represent light particles. When balls are rolled against a wall 
along a flat surface, they are also reflected at the same angle that 
they hit. The particle model works well here. 

But the particle theory had to explain another observation. It 
had to explain the change in direction when light travels from one 
transparent substance to another. That is, it had to explain re- 
fraction. 

The particle believers did have an explanation for this observa- 
tion. According to them, light traveling from one transparent 
substance to another can be compared to balls rolling down the 
kind of slope shown in figure 4:10. The top level surface represents 
air. The steep edge represents the other substance. So, whenever 
light passes from air into another substance and bends toward the 
normal, it must be speeding up. Light does bend this way when it 
passes from air into water or some other transparent material. And 
balls on the slope do speed up on the section that is slanted. 

There is one catch, however. In Newton’s time no one had ac- 
curately measured the speed of light in air and in other materials. 


a 


So no one knew for sure whether light did or did not travel faster 
in other materials than in air. But Fizeau’s and Foucault’s findings 
are important here. Their discovery that light travels faster in 
air than in any other material was evidence that Newton’s particle 
theory did not suit as an explanation of refraction. Here’s where 
the wave model does a better job. 


Newton is challenged 

To discuss the wave model of light, we can again use water waves 
as a comparison. Scientists have observed that the speed of waves 
across the surface of.a liquid depends upon the depth of the liquid. 
The shallower the liquid is, the slower the waves are. So if we make 
one half of a water-filled tank deep and the other half shallow, we 
can use it as a model (figure 4-11). We can infer that we are seeing 
something similar to what might be happening when light waves 
pass from air to some other material. The deep end of the tank rep- 
resents air. The shallow end represents some other transparent 
material. 

The wave theory works quite well in this situation. When the 
waves reach the shallow end, they bend the predicted way. They 
have the same direction as light does when it is refracted after 
leaving air. And the waves are slower—not faster—in the section 
representing the substance other than air. 

Besides refraction, the wave theory can explain interference and 
diffraction (see pages 59 to 65), which the particle theory can not. 
So by the end of the 1800’s, scientists agreed that the search was 
over. They knew light is a series of waves. They could go on to 
other problems. 

But again surprises were in store. This time, though, the sur- 
prises were more challenging than just evidence that this or that 
side of an argument had gained the upper hand. What was to 
happen in the first half of the 1900’s was to change some very basic 
ideas about the world that people had had for centuries. 

And it was to be done in large part because an unknown office 
worker, sitting at his desk in Bern, Switzerland, was doing some 
serious thinking. The story continues in the next chapter. 






4-11a The movable section is pushed 
back and forth in the tank to cause 
ripples across the top of the water. 

The block in the tank provides an area 
where the water is shallow. 


block 


movable section 


SHALLOW 
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Now onward with lenses 


At the beginning of this chap- 
ter, we said that lenses have 
two obvious properties: They 
are transparent and they are 
smoothly curved. In the first 
section of this chapter, you 
examined what happens ‘to 
light when it hits a flat sur- 
face of a transparent material. 
Now let’s see what happens 
when the surface is not flat, 
but curved. 


Lenses can have two kinds 

of curves: inward or outward. 
But unlike mirrors, lenses can 
also have both of their sur- 
faces curved in the same way: 
both sides curving out or 
both sides curving in. In this 
section, we will examine those 
lenses with both sides curving 
out. These lenses are called 
double-convex. They are the 
kind used for magnifying 
glasses and cameras. 
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You can think of a convex 
(outwardly curved) lens sur- 
face as made up of a countless 
number of straight sections, 
each facing a slightly dif- 
ferent direction. Figures 4°13 
and 4:14 show what effect 
such segments could have. 
Notice how parallel light 
beams bend when they strike 
the three straight surfaces 
which form a semi-circle at 
the end of a transparent block. 


Then try to trace the parallel 
light beams which pass 
through the outwardly curved 
sides of a double-convex lens 
(figure 4:15). This kind of lens 
brings parallel light beams to- 
gether at a point. 


The point where the once- 
parallel beams meet after pass- 
ing through the lens is called 
the focal point of the lens. 
There are two focal points, 
one on either side of the lens, 
since light can pass through 
the lens from either side. The 
distance from the center sur- 
face of a lens to the focal 
point is called the focal length. 


4-12 Lenses of various shapes. 





There is one other thing to 
remember here. Light beams 
that go through the exact 
center of the double- 

4-13 convex lens, at any angle, are 
not bent. The result is the 
same as if the light were going I 
head on into a transparent i 
block with opposite sides 
parallel. 








1BSENE ae CROUCH AILS 
1. Describe the shape of a 
double-convex lens. 








No 


What does a double-convex 

lens do to light beams which 
strike its surface parallel to 

each other? 





3. How many focal points does a 
double-convex lens have? 


Why? 





4-14 | 
4. What happens to light beams 


which go through the exact 
Cc by Cc 

center of a double-convex | 

lens? 


4:15 The point where light beams 
parallel to its center line meet after 
passing through a lens is the focal _ 
point of the lens. It is identified by (1 ) 
The distance from the center surface of 
the lens to the focal point, identified 

by (2), is the focal length of the lens. 
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Camera images with 
double-convex lenses 


You've studied how pinholes 
can be used to create a camera 
image. Here is a quick way to 
observe the image a double- 
convex lens can form—the kind 
used in cameras. Use a 
common magnifying glass. It 
is also a double-convex lens. 


Stand at a window which has 
its shade or curtains almost 
completely closed. Hold a 
white card in one hand and 

a double-convex lens in the 
other so that the light which 
comes through the window 
goes through the lens and 
hits the card. Then move the 
lens back and forth in front 
of the card until you see an 
image on the card of the scene 
outside. Move the lens back 
and forth a little more, until 
you get the clearest possible 
image on the card. With the 
help of a friend, measure 

the distance between the lens 
and the card. 


When you try to get an image 
of any distant object, at least 6 
meters or So away from you, 
the image always falls at this 
same distance from any one 
lens—at its focal point. How- 
ever, when you try to get an 
image of something much 
closer to the lens, say several 
focal lengths, you'll get dif- 
ferent results. 
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4:16 Double-convex lens casting a real image of a street scene on a white card. 


To predict how and where a 
double-convex lens will form 
images, you can use simple 
ray diagrams. To make such 
diagrams, you need to remem- 
ber three things: (1) Parallel 
light rays pass through a dou- 
ble-convex lens, meet at the 
focal point on the other side 
of the lens, and pass on. (2) 
Light rays which pass through 
the exact center of the lens—at 
any angle—are not refracted 
by the lens. (3) An image 
forms where light rays start- 
ing from one point are 
brought together again. 


Figures 4:17 through 4:19 

all show the same double- 
convex lens. These same 
drawings show its centerline 
(or axis) and the two focal 
points. Notice how the three 
rules just mentioned are ap- 
plied in the diagrams. An ob- 


ject gives off or reflects light 
in many directions. So, just 
by chance, some of the light 
rays leaving the surface of the 
object in the diagrams will be 
parallel when they strike the 
lens. According to what you 
have already observed and 
read, these rays will pass 
through the lens, meet at 

the focal point, and then pass 
on—no longer parallel. 


Also, just by chance, some of 
the light rays will pass 
through the exact center of the 
lens at various angles. These 
rays will not be refracted, but 
will pass straight through the 
lens. 


You need to follow just four 
rays to get an idea how a 
double-convex lens produces 
an image: two rays which 
come from the top and bottom 


of the object, and are parallel; 
and two rays, also from the 
top and bottom of the object, 
which go through the center 
of the lens. 


The place on the other side 

of the lens, where the two rays 
from the top meet, indicates 
the top of the image. The place 
where the rays from the bot- 
tom meet indicates the bottom 
of the image. As you see in 
the figure, you can draw the 
image between these two 
points. Is the image reversed 
in any way? 


From the three diagrams in 
figures 4:17 through 4°19, try 
to find a relationship between 
the distance of the object from 
the lens and the size of the 
image. Does the image get 
larger or smaller as you move 
the object and lens closer? 


Also, in each case compare the 
distance of the image from 

the lens and the distance of 
the object from the lens. Does 
the image fall farther from or 
closer to the lens as you move 
the object closer to the lens? 


All the images in these dia- 
grams represent real images. 
__ Real images are ones you can 
_ see or “catch”’ on a surface 
such as a card, wall, or photo- 
graphic film. 





real image 








F (one focal length) 


4-17 Notice that the parallel rays that meet at the focal point of the lens are parallel! 
to the center line of the lens. 











4-19 
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Double-convex lenses 
as magnifiers 


In the diagrams on page 81, 
the object producing the real 
image was always a little far- 
ther than one focal length from 
the center of the lens. Now 
notice what happens when 
the object is less than one 
focal length from the lens. 
Light rays parallel to the 
centerline of the lens are re- 
fracted and meet at the focal 
point on the other side of the 
lens. Rays that pass through 
the center of the lens are not 
refracted and go straight. 


So far there doesn’t seem to 
be anything different from 
the situations you saw in the 
previous diagrams. But keep 
following the two kinds of 
rays from the top and bot- 
tom of the object. They do not 
meet after they pass through 
the lens! But the two kinds of 
rays must meet—or seem to 
meet—if you're to see an 
image. They do if you trace 
an imaginary path for both 
of them backward behind the 
object. 


Compare the size of the image 
to the size of the object. Also 
notice whether the image is 
right-side-up or upside-down. 
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4-20 
virtual image 





4-21 The focal point of the lens seems to fall in the wing of the butterfly. It is actually 
in back of the butterfly, since the butterfly is less than one focal length from the lens. 


If you get a chance sometime, 
try casting such an image onto 
some surface. You'll find that 
it can’t be done. The kind of 
magnified, right-side-up 
image that you see when you 


look at an object through a 
double-convex lens is a virtual 
image. It’s “imaginary.”” Your 
eyes see it through the lens, 
but the image can’t be cast 

on any other surface. 


All double-convex 
lenses don’t bend light 
the same amount 
































4-22 Lindheimer Astronomical Re- 
search Center, Northwestern University, 
Evanston, Illinois. All three photographs 
were taken from the same spot. The 

top photograph was taken through a 
telephoto lens. The center photograph 
was taken through a normal lens, and 
the bottom one through a wide-angle 
lens. 








83 


As you might suspect, the way 
light is bent by a lens is af- 
fected by the material of the 
lens. Two lenses of the same 
shape, but of different ma- 
terial, placed at the same dis- 
tance from an object will not 
produce identical images. The 
images will be of different 
sizes and at different distances 
from the lenses. Some lens 
materials bend light more 
strongly than others. 


Remember the refractive index 
table? It can come in handy if 
you have two lenses of the 
same size and shape but made 
of different materials. The lens 
with the higher index of re- 
fraction will form an image of 
a certain size closer to itself 
than will the lens with the 
lower index of refraction. 


Something else affects the way 
a lens brings light to a point 
or creates an image—the de- 
gree of curve in its surfaces. 
In figure 4:23 which lenses 
have a shorter focal length— 
the ones more sharply curved 
(“rounder”) or the ones less 
sharply curved (‘flatter’)? 


Suppose two lenses of the 
same material are placed at the 
same distance from identical 
objects (figures 4°24 and 4:25). 
Which will give you a larger 
image—the one with the 
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4-23a 





FOREN URANUS: SONS LR ete ORNS 


sharper curve or the one with 
the flatter curve? For which 
one will a real image form 
closer to the lens? If the ob- 
jects are less than one focal 
length away, which lens do 
you think will produce a 
larger magnified virtual image? 


Now you have it—all the 
basics of double-convex lens- 
es. Pages 86 through 94 are 
about some uses of these 


4-23b 





4-23¢ 


light-benders: eyes, cameras, 
microscopes, and telescopes. 


TEST YOURSELP 

1. What kind of image do you 
get when a double-convex 
lens is used as in a camera— 
real or virtual? 


bo 


What kind of image do you 
get when a double-convex 
lens is used for a magnifying 
glass—real or virtual? 
































4-24 4-25 





3. What are two differences be- one and two focal lengths c) Its approximate location be- 
_ tweena real and a virtual from the lens. hind the lens if the image is real. 
image formed by a double- d) When the object is less For example, is the image one 
convex lens? than one focal length from or two focal lengths behind the 
4. Describe the image formed the lens. lens, or somewhere in between? 
by a double-convex lens in In all of the cases above, de- 5. Draw ray diagrams for each 
the following situations: scribe the following things about of the cases in question 4. 
a) When the object is very the image that is formed: 
far from the lens. a) Its appearance. 
b) When the object is two b) Its size (larger or smaller 
focal lengths from the lens. than the object). 


c) When the object is between 
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Lenses 
and 
Your Vision 
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Vision and vision correction 


The lenses in your eyes 
To you the most important lenses of all are probably those in your 
eyes. Without them, the world would look like a big blur. 

You can see sharp images instead of blurs because each of your 
eyes has a double-convex lens. Each of these lenses focuses light 
from the things around you to form a real image on the back of 
each eye. The back of each eye, where the image is “caught,” is 
called the retina. The image formed by each lens must always fall 
exactly on the retina if you are to see clearly. 

Obviously, the things that you look at are not all at the same 
distance from your eyes. Yet during most of your life, the distance 
between the lens in each of your eyes and each retina usually stays 
the same. 

The lenses in your eyes must have some way of adjusting to 
various distances. In fact, lenses do this by changing their curvature. 
Muscles in each eye push on the lens to make it more curved, and 
pull on it to flatten it. For focusing on nearby objects, the muscles 
make the lenses highly curved. For more-distant objects, each lens 
is made less and less curved. 

Try changing the thickness of the lens in one of your eyes. First 
close one eye. Then hold a sheet of paper with some writing on it 
about 60 centimeters away. Now hold up a finger about halfway 
between the paper and your eye. Try to see the writing on the 
paper and the ridges on the skin of your finger clearly at the same 
time. Can you do it? 

When you focus on the paper so you can read it, your finger 
becomes blurred. Focus on your finger and the writing is blurred. 
What you were doing when you were switching back and forth 
between the paper and your finger was causing the muscles in your 
eye to change the thickness, and therefore the focal length, of the 
lens in your eye. 

Your eyes have another important adjustment. That one is for 
light intensity. In front of each lens is the iris. It is a very delicate, 
ring-shaped muscle. The opening in the center of this ring-shaped 
muscle is called the pupil. It is the dark circle in the center of 
each of your eyes. In strong light, the iris expands. That is, the 








a 
5 





center of this ring-shaped muscle, the pupil, gets smaller. So less 
light can enter the eye. In dim light, the iris contracts. So the 
pupil gets larger, and more light can enter the eye. 


Out of focus—but not for long 

Not everyone can read a printed page at the same distance or see 
far-off objects with equal clearness. A person can be near-sighted. 
Such a person can see close objects clearly, but can’t make things 
out at a distance. Or a person can be far-sighted. That is, the person 
can see distant objects much more clearly than close ones. 

Usually, it is the shape of a person’s eyeballs that affects how well 
that person can see things at various distances. A person with good 
vision has eyes which are almost perfectly round from front to 
back. Near-sighted eyes are slightly longer from front to back than 
they are high. And far-sighted eyes are slightly shorter from front 
to back than they are high. 

This difference in eye shape changes the distance from the lens 
to the retina. This change affects the sharpness of the images which 
fall on each retina. For example, in a far-sighted eye, the retina is 
too close to the lens. For close-by objects, the lens can’t become 
curved enough to focus a sharp image on the retina. In the near- 
sighted eye, the retina is too far from the lens. The lens can’t 
become flat enough to focus a sharp image of distant objects. 


4:26 In bright light the pupil is small. _ oe light the au 


3 


ilis enlarged. 
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4-28a Thenormal eye focused on distant and nearby — 
objects. The image falls exactly on the retina. 




















4:28b The nearsighted eye attempting to focus on nearby 
and distant objects, and focusing on those objects with on 
the help of concave eyeglass lenses. Notice in which case 
the image does not fall on the retina. ee 





the help of convex eyeglass lenses. Notice i 
the image does not fall on the retina. 


There is another kind of far-sightedness. It is not caused by 
a too-shortened eyeball. In this case, a person’s eyes have normal 
shape, but the lenses can no longer become convex enough to see 
close objects clearly. This loss usually happens as people get older. 
All of these problems have a solution—eyeglasses or contact 
lenses. 

A far-sighted person needs correcting lenses that will make up 
for natural lenses which are too flat. Slightly convex correcting 
lenses put in front of the far-sighted person’s eyes do the trick. 
The two kinds of lenses working together—the natural ones and 
the correcting ones—can give a far-sighted person normal vision. 
The correcting lenses, of course, have to be individually selected 
so that they have the right amount of curve for the one person 
wearing them. 

A different kind of lens is needed to correct the eyesight of a 
near-sighted person. A near-sighted person needs correcting 
lenses which will spread out light rays before they enter the eyes. 
Inwardly curved, or concave, lenses bend light in this way. So con- 
cave lenses working with a near-sighted person’s own lenses 
—which are too convex—will give that person good vision. 

Most near-sighted people don’t need the light spread as much as 
it is spread by lenses which are concave on both sides. So they wear 
correcting lenses which are convex on one side and concave on the 
other. The concave (inwardly curved) side has to have a sharper 
curve than the convex (outwardly curved) side to produce the light- 
spreading effect. 
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ON YOUR OWN 


How strong are your glasses? 


Eye doctors have a system of describing 
the strength of eyeglass lenses. The unit 
of strength is the diopter. The more diop- 
ters a lens has, the stronger it is. 


To figure out how many diopters a convex 

lens has, take its focal length in meters (or 

part of a meter) and divide it into 1. That is, 
1 

focal length in meters 

Suppose the focal length of a lens ina 

pair of glasses for far-sightedness is 0.5 

meter. One divided by 0.5 is 2. So the lens 

is 2 diopters strong. 


diopters = 





It's more difficult to find the strength of a 
convex-concave lens, the kind used to cor- 
rect near-sightedness. Since a concave 
lens spreads out light instead of gathering 
it to a point, such a lens does not have a 
real focal point. But there is a distance 
measurement you can use that is related 
to the sharpness of the inward curve of 
such a lens. 


One of the two lines on this page is twice 
the length of the other. Put a convex- 
concave lens over the longer line with the 
concave side facing you. Then stand back 
and look at it so that you can see the long 
line through the lens and the short one 
outside the lens. Keep moving the lens away 
from the page until the long line, seen 
through the lens, looks the same length 

as the short one outside the lens. Measure 


ON YOUR OWN | 


Through the water glass 


All you need for this activity is a glass of water. 
The glass should be clear, so should the water. 


Hold the glass in front of one eye as you look at 
yourself in the mirror. Or hold it close in front of 
a friend's face. Does yours or your friend’s eye 
look the same size as usual when you look at it 
through the water glass? Why not? 


Then have your friend move away from you about 
_ half-way across the room. Close one eye. Hold 
the water glass about 20 cm from your other eye. 
Look at your friend through it. Have your friend 
lift his or her left arm. On which side do you see 
the lifted arm through the water glass? Why? 


the distance from the page to the lens. You 
can use this distance as the focal length 

in the formula for finding the strength of 

a convex-concave lens in diopters. 


There is one catch to this method. You will 
find that the distance you hold the lens 
from your eyes changes your measurement. 
It's important that you find the spot where 
both lines look the same length when the 
distance from the page to the lens is the 
same as the distance from the lens to your 
eyes. 


When speaking about how strong lenses 
are, eye doctors may say that one lens has 
+2.5 diopters and another has —1.7 diopters. 
If the lens is convex (for far-sightedness), 
eye doctors say it is p/us so many diopters. 
If it’s convex-concave (for near-sighted- 
ness), it’s minus so many diopters. 


Most people who wear glasses need lenses 
of not more than about plus 2 or 3 diopters 
or minus 2 or 3 diopters to correct their 
vision. Some people, though, need lenses 
of as many as 10 diopters. 











Other 

Seeing Aids: 
Microscopes and 
Telescopes 





—_—— real image 


4:30 The microscope 
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The use of two 
double-convex lenses 
for magnification 


A microscope or telescope increases the seeing power of your own 
eyes many times. When you look through a microscope or a tele- 
scope, you are looking at objects through two double-convex 
lenses (plus your own eye’s lens). 

First, the basic ideas behind a microscope: Suppose that you hold 
a double-convex lens with a very short focal length a bit farther 
from a small object than one focal length. You will see an enlarged, 
inverted, real image of the object. If the object gives off enough 
light, you can prove a real image exists where a diagram says it 
should by placing a card there, so that you can see the image. 
But a real image exists at a particular place whether or not it is 
bright enough to show up on a card. To say that a real image exists 
somewhere means that light rays from the same spot on the object 
come together there. And this image can be refracted, reflected, 
or just looked at with your eyes or through another lens—just as 
you would look at an object. 

Now, suppose you could look at that real image through another 
double-convex lens. Make this second double-convex lens less 
sharply curved than the first. And put it almost one focal length 
from the real image produced by the first lens. Remember that a 
double-convex lens less than one focal length away from something 
acts like a simple magnifying glass. If you look through this second 
lens at the image produced by the first lens you should see an en- 
larged, upright image of the first upside-down image. But the real, 
inverted image itself was larger than the object. So you’ve greatly 
magnified the object by looking at it through both lenses. Make 
two such lenses part of a container like the one in figure 4°30 and 
you have a microscope. 

Now the basics of a telescope or binoculars: In this case you start 
with a double-convex lens with a long focal length, which you use 
to get a real image of a distant object. The object is a long way off 
compared to the focal length of the lens. So the real image will 
fall one focal length from the lens. Since the image is real, it will 
be inverted. 


light rays from 
distant object 
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4:31 Simple telescope virtual image 


SS 
light rays from 
distant object 
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real image 1st real image a 


4-32 Telescope with inverting lens 


Then suppose you put a second double-convex lens again almost 
one focal length away from the real image formed by the first lens. 
This second lens will again act as a simple magnifying glass. It 
will magnify the real image focused by the first lens. Put two 
double-convex lenses in this arrangement in a tube and you have 
a simple telescope (figure 4:31). Have two such tubes attached to 
each other side by side and presto—binoculars. 

The images you can see through both the microscope and the 
telescope diagrammed here are upside-down images. They will 
look upside down when compared to the object. This usually 
doesn’t bother an astronomer looking at the stars through his 
telescope or the biologist looking at bacteria through his micro- 
scope. But such results might confuse someone using a simple 
telescope to watch a distant ship, or binoculars to watch a ball 
game. So telescopes and binoculars, which are used to see things 
right-side-up, usually have a third convex lens. This third lens is 
put between the first two lenses and is called the inverting lens. 
The inverting lens turns the real (inverted) image produced by the 
first lens into an upright image (figure 4:32). 
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4-33 The Hale telescope at Palomar Observatory in 
California is a Newtonian type reflecting telescope. It is 

a large metal tube with an open end pointing skyward. There 
is a500-cm diameter mirror at the other end of the tube. 


light from distant object 
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The eyepiece of the telescope is at the side of the tube at 

a right angle with the tube. Light rays entering the tube are 
reflected by the large mirror into the small mirror. The small 
mirror reflects the image into the eyepiece. 


ON YOUR OWN 


Lens combinations for 
a microscope and a telescope 


You will need several double-convex 
lenses. Magnifying lenses, each of a 
different strength, can work. One should 
have a focal length that is three or four 
times as long as the focal length of the 


other. That is, one should be much more 


sharply curved than the other. 


Hold the lenses in front of one eye so that 


they work as a microscope when you look 


~ at some small object close by. Then try to : 


get the lenses to work as a telescope. 
HINT: For both the telescope and the 


microscope, you'll get much better results. 


if the weaker lens is noticeably larger in 
diameter than the stronger lens. 


The lenses in microscopes and telescopes 
that you can buy have usually been cut 
down from much larger lenses. The edges 
have been cut away and just the centers 
of the lenses are used. From your expe- 
riences with lenses, why do you think this 
is helpful? 








Chapter 5: The Brightness of Light 


If you look too closely at a 
floodlight like the one in the 
photograph, your eyes will 
hurt. You may have experi- 
enced such a reaction. 


There is a quality of light 
that determines how much it 
affects eyes, photographic 
film, or other light-sensitive 
things. You may think of this 
quality as the amount of 
light, or the brightness or 
dimness of light. 


This chapter will deal with a 
mental model for this qual- 
ity of light and some ways 
this mental model is useful 
in everyday life. And at the 
end of the chapter is the last 
installment to the what-is- 
light question. 























Measuring brightness 


Perhaps at one time or another 
you have seen people using a 
flashbulb when taking a photo 
of a large or distant object— 
such as a player on a baseball 
field or a building. It’s usually 
a waste of a flashbulb. The 
flash from the light bulb is 
very intense close up. But it’s 
too weak to light up an object 
at any great distance. 


You can easily get a general 
idea of the brightness of light. 
First, look at an unshaded 
light bulb. Notice that light 
goes out from it in all direc- 
tions. If one side of the bulb 
is blocked, light will still 
spread out from the unblocked 
side. You can see how the 
brightness of the light changes 
as the light spreads out. The 
light is most intense right 
near the bulb, but decreases 
in intensity as it spreads out. 


The handiest instrument to 
measure the way the intensity 
of light changes with distance 
from a light source is a light 
meter. A light meter has been 
used in figure 5:2. 


Notice what happens to the 
meter reading when the dis- 
tance between the light meter 
and the light bulb increases. 
Are these results what you ex- 
pected? (By the way, this light 
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meter is picking up light only 
from this single bulb. There 
is no other light in the room 
and the dull black walls are 
nonreflective.) 


For each doubling of the dis- 
tance, the number of units of 
intensity drops by a factor of 
four. For each threefold in- 
crease in distance, the inten- 
sity drops by a factor of nine. 
And for each fourfold increase 
in distance, the intensity 
drops by a factor of sixteen. So 
there is a definite mathemat- 
ical pattern. You can use pro- 
portions to show it. 


The intensity of the light de- 
creases as distance from the 
light bulb increases. Notice 
also that the light intensity 
seems to drop off faster 

than the distance increases. 









Table 2 Ideal Relationships of Distance and Light Intensity 
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A spray of light 


In studying light intensity, 

or brightness, it’s helpful to 
have a model that behaves the 
same as light leaving a light 
source. You need a source of 
something that starts at one 
point and spreads out evenly. 
It also has to be something 
that you can see and measure 
more easily than light beams. 


A useful model is no farther 
away than the nearest paint 
shop. Consider the simple 
paint sprayer. It produces 
paint in straight lines through 
a wide angle. What is more, if 
you spray a surface far enough 
from the nozzle, the paint falls 
in visible droplets. 


Figure 5-3 shows how to mea- 
sure the “intensity” of the 
spray. In a special room where 
no one minds getting paint 
everywhere, we set up the 
sprayer as shown and attach 
white cards at various heights 
to a pole. By estimating the 
dots that fall on each card 
during a standard one-second 
burst, we will have a rough 
measure of paint “intensity.”” 
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We find that, if we spray for 
one second (measured with a 
stop watch), we can get indi- 
vidual dots on the second 
card down. If we spray more 
briefly than that, it is hard to 
measure the time accurately. 
If we spray very much longer, 
there are too many dots. And 
they blend in with each other. 


Notice that the spray spreads 
out evenly from the nozzle of 
the sprayer. In other words, 
the same amount of paint that 
starts out at a tiny nozzle 
spreads out into a larger and 
larger area. Note also the 
shape of the sprayed area. 





AE bd 


Ry 


5-3 
How does this shape compare 
to the shape of a projector 
beam cast on a card (fig- 
ure 5:4)? In each case, how 
does the intensity at the 
source (nozzle or projector 
bulb) compare with the inten- 
sity at the target (the card)? 


It looks like the paint sprayer 
is a handy model for light 
intensity. Light spreads from a 
lamp and strikes a surface, just 
as the paint drops spread and 
hit the cards. If the surface 
happens to be that of a sensi- 
tive light meter, the meter can 
react to the “‘drops” of light 
hitting its surface. It can mea- 
sure them as if it were count- 
ing drops of spray paint. 





The light meter, though, gives 
readings on a continuous 
scale. If light does come in 
drops, they are apparently too 
small to be counted individ- 
ually by even the most sensi- 
tive meter. 


Eo PSYOURSELE 

1. Suppose it’s a very cloudy 
day. Why would it be waste- 
ful to use a flashbulb on your 
camera to snap a photo of a 
building a block away? 


bo 


Does a light-meter reading 
get larger or smaller as it is 
moved away from a light 
source? Why? 


A light meter is 20 centi- 
meters from a light bulb. The 
meter reads 48 intensity 
units. At 40 centimeters from 
the bulb, what should the 
reading be if no other light 
is present? 


A light meter is 60 centi- 
meters from a light bulb. The 
meter reads 20 intensity 
units. What should it read at 
20 centimeters if no other 
light is present? 
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A Photographer 
at Work 
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Controls for light 
entering a camera 


Two things are important in getting a good photograph. First, the 
photograph must be in focus. That is, a clear image of a scene or 
object must form on the light-sensitive film at the back of the 
camera. For this to happen, the lens at the front of the camera must 
be set at the proper distance from the film. The photographer ad- 
justs the lens position in the camera for this purpose. The second 
requirement for a good photo is the right amount of light. To meet 
this need, the intensity of the light entering the camera must be 
controlled. 

A photographer can control intensity by adjusting the size of 
the light opening of the camera. The size of the light opening in 
front of the lens is controlled by the shutter. The shutter opens very 
briefly to let light into the camera as the picture is “snapped.” If 
the shutter is set to uncover the whole lens, the maximum amount 
of light will enter the camera. If the light coming toward the camera 
is very bright, this large an opening might cause an overexposed 
negative. The result is a photo that looks pale and lacks detail. 
On the other hand, too small an opening will result in an underex- 
posed negative, and a photo that is very dark or even totally 
black. 

To set the size of the camera opening properly, the photographer 
selects one of a group of numbers called f-stops. These f-stop num- 
bers are printed on a ring around the lens-shutter part of the 
camera. A typical series of f-stops is 2.8, 4, 5.6, 8, 11, and 16. 

The photographer also selects the length of time the shutter stays 
open. This setting of the shutter-speed depends on the intensity of 
the light coming toward the camera. If the light is very bright, the 
briefest setting should be used. (Remember how a long spray of 
the paint sprayer left too many dots of paint?) If the light is not very 
bright, the shutter must stay open longer, to let more light react 
with the film. The shutter-speed settings are printed on the camera 
near the f-stop settings. A typical range is 30, 60, 125, and 250. 











distance of camera from 
subject in feet and meters 
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number of 
pictures taken 
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These numbers stand for fractions. For example, 125 means 1/125th 
of a second. Some cameras give speeds as slow as 1 second. Some, 
used in scientific work, expose the film for as little as 1/1,000 
of a second. Many cameras also have an adjustment so that the 
shutter can be kept open by hand as long as the photographer 
wants. 


To measure the intensity of light for the selection of f-stop and 
shutter-speed, the photographer often uses a light meter. Light 
that strikes a sensitive material in the meter causes a tiny elec- 
trical signal to go to the indicator needle. The needle then swings 
across the scale and stops at some value. This meter reading en- 
ables the photographer to adjust the camera with precision. 

Because distance from a light source affects the intensity of the 
light, the photographer also controls this distance. The light that 
exposes the film is the light reflected by the subject. So the photog- 
rapher notes the distance from subject to camera. If the subject 
is close and Eright, the photographer will need to lower the time 
the shutter stays open, or make the camera opening smaller, or 
do both. 

Other sources of light near the subject must also be carefully 
placed. In a studio situation, when an artificial light such as a 
floodlight is used, the photographer will place the light to give the 
best results. A light too close to a light-colored subject, for example, 
can be too intense and erase the details of the subject. A light too 
far away, on the other hand, has too little intensity at the subject. 
The simple rules of light intensity help the photographer determine 
just how far away the light sources should be. 


‘4 





5:7 Raindrop falling in water. This 
series of pictures was taken in less 
than 0.1 second. 


ON YOUR OWN 


In the dark 


Experiment with the effect flashbulbs have on 
how well your snapshots turn out. 


Take a series of photographs of something in a 

dim room, each time at a different distance from 
that object. For example, start at several meters 

from the object. And end up at the other side of 
the room. 


Use the same kind of flashbulb each time. Don’t 
change anything else, except the focus on your 
camera. On some cameras you don’t even have to 
adjust the focus. 


Study the results. How effective was the flashbulb 
at the various distances? 
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What Is Light? 
Part 5 
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A meeting of the particle 
and waves theories of light 


In this unit you have used three different ways of describing 
light. You used pencil lines to represent imaginary light rays. You 
talked about these straight rays moving through space, bouncing 
off walls, spreading out onto a card or a wall, and coming together 
to produce images. 

You have also treated light as imaginary particles. You considered 
particles bouncing off walls, particles striking the cells of the 
eye, particles striking a light meter, and particles spreading out 
to cause a decrease in brightness. 

And third, you used the idea of waves of light moving from one 
point to another, passing through pinholes and spreading apart, 
meeting one another and producing light and dark bands, and 
being bent as they move across boundaries of matter. 

But what is light really? Is it particles? Or is it waves? Or is it 
rays? It could not be all three, could it? Or could it? What does it 
really mean to say that light is waves, or light is particles? Actually, 
the question is not really about light. Light is light. The question 
is, how are we to understand light? 

Let’s go back to the turn of the century when light—and what it 
is—seemed to be under control. The wave theory, aided by ex- 
perimental results, described fairly well all the evidence then 
available about the nature of light. Light was a series of waves. 

It was a new century, though, and new scientists were coming on 
the scene. One was Albert Einstein. The special gift of young 
Einstein—and old Einstein as well—was his inability to see things 
the way he was told to see them. Instead, he thought carefully 
about his experiences and those of others. And then he thought 
carefully about his thoughts. And then—when he thought about 
his thoughts about his thoughts—he sometimes began to consider 
them “very interesting.” But while Einstein thought, other scien- 
tists performed experiments, which were also ‘very interesting.” 





In the very last years of the 1800’s, scientists had already gotten 
some puzzling results when measuring light given off by heated 
objects. The results came out in a complicated form that had no 
ready explanation. Scientists everywhere pored over their wave- 
theory notes to find formulas that would fit the results. In a few 
cases they came close, but not close enough. 

Finally, in the year 1900, a German scientist, Max Planck, came 
up with a near-perfect explanation. But Planck himself was sur- 
prised by his conclusions. They pointed toward the existence of 
particles of light energy. He tried hard and long to disprove him- 
self and bring back the old understanding of light as waves. In 
the end, though, the new theory stood. 

What Planck saw was a special way in which heated objects give 
off light. If an object is heated enough it will give off light. But 
it seemed to Planck that the light was not given off in a steady 
flow, as in waves. Instead, the light energy seemed to be given 
off a certain amount at a time—in “packets.” The idea of ““packets” 
of light was truly revolutionary. Only when his idea was supported 
by results from very refined experiments over the next 50 years, 
was it accepted as an accurate explanation of the observed facts. 

At first, however, most scientists, including Planck, avoided 
turning this idea of “packets’’ of light into a whole new theory of 
light, a theory which seemed so similar to the old particle theory. 
Scientists would admit only that heated objects seemed to give off 
and receive light energy in packets. 

It took still another puzzle to shake loose the old and bring on 
the new. The new puzzle was called the photo-electric effect. 

In the experiment that produced the photo-electric effect, light 
was used to bounce particles of matter off a metal plate. The 
particles that came off were the tiny ones that carry the negative 
electric charge of matter. These tiny particles are electrons. A 
movement of electrons can produce an electric current. This current 
can be accurately detected with meters. 
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The setup of the experiment, in a very simplified form, is shown 
in figure 5:8. As soon as the light beam began to knock electrons 
off the metal target, the meter showed the number of electrons that 
were being affected. 

The experiment was done many times, with very precise methods 
and measurements. It had undeniable, yet, at the time, surprising 
results. 

First, the experimenters measured the energy of motion of the 
electrons that were bounced off. From the start of the experiment, 
the energy of the electrons remained at a certain value. Increasing 
the intensity of the light did not increase the speed of the bounced- 
off electrons. As long as the same color of light was used, no 
matter how intense the light, the energy of the electrons started 
and stayed at the same characteristic value. 

Second, the experimenters tried bombarding the metal target 
with light from all different parts of the spectrum. These ex- 
periments indicated that only light toward the blue end of the spec- 
trum would work well. 

Both of these results caused physicists to scratch their heads. 

To begin with, the fact that the speed of the bounced-off elec- 
trons did not increase as the intensity of bombarding light was 
increased went directly against the wave theory. Apparently elec- 
trons did not “soak up” a flow of energy as they would from 
waves. 


Einstein reasoned that the electrons must, instead, gulp energy 
in definite quantities. It apparently takes a certain size packet 
of light energy to budge an electron. Until a packet of light energy 
of the right size arrives within range of an electron, the electron 
won't leave the metal target. If many energy packets of the right 
size arrive, many electrons are freed. But if the packets are too 
small, not an electron will leave—no matter how many packets of 
energy are available. 

These theoretical packets of light were another experimental 
appearance of the light particles that Planck had theorized. In 
Einstein’s writings, these packets are called photons. 

In the photon theory, photons of red light have very little energy. 
Photons of green light have more. And photons of blue-violet light 
have the most energy in the visible spectrum. It’s because of their 
high energy, that photons of blue and violet light give the best 
results in the photo-electric experiment. Each of the photons has 
enough energy to budge and to speed up an individual electron. 

So there you have the photon model—light as particles. But that 
doesn’t close the book on the wave theory. There are many situa- 
tions in which a wave model of light is much more helpful. For 
example, this is the case for light refraction and interference. 

Physicists have developed complicated mathematical formulas 
for light behavior. But the formulas don’t really give a picture of 
light. In order to make the formula correspond to a familiar model, 
you would have to leave out some of the finer points. Depending 
on what you left out, what remained might be a formula for particle 
behavior. Or it might resemble the formulas for wave behavior. 
Use whichever suits the situation best. 
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Laser: 
Beam 
of the 
Future 


Adapted from ‘‘Laser: The Beam of the Future” 
by Richard J. Pothier from Chicago Daily News 
(February 10, 1970). Reprinted by permission of 
the author. 
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Magic light that 

“Zaps” holes in steel 
may take us to Mars, 

aid blind people, 

and provide unlimited TV 


As the 1960’s dawned, a mysterious new force was created that con- 
jured up images of “death rays,’ power to rival the sun’s, and earth- 
boring guns to match Superman’s ability. The sheer power of the 
laser—especially the newer models—is awesome. For a brief instant, 
a laser can generate enough power to supply the electricity for a 
city of a million people—hundreds of millions of watts. 

Yet that same laser beam, properly controlled, now is being used 
to “weld” loose retinas inside the human eye and even to perform 
“microsurgery” on a single living cell. 

In potential impact on the world, in fact, the laser can be com- 
pared only with the development of the transistor, which burst 
upon the world of electronics and technology in the 1950’s. Lasers 
create the sharpest, most intense, purest light ever known. And 
their versatility ranges from drilling a hole of one one-thousandth 
of an inch in a tiny diamond to vaporizing any substance on 
Earth. 

The future of lasers still is to be determined. A laser beam can 
—theoretically, so far—heat a pot of coffee a thousand miles away 
or transmit on a single beam every television, radio, and telephone 
transmission in the world simultaneously. 

Some day lasers will help create book-sized electronic computers, 
and wall-sized home television screens or even trigger a controlled 
thermonuclear power plant to harness for mankind the cosmic 
energy that lights the sun and other stars. 

Yet for all this capability a laser is a relatively simple piece of 
equipment. Hobbyists have built them at home and some elec- 
tronics firms are now selling them to schools. for just a few hundred 
dollars. 


How lasers work 

If a light wave from a conventional light bulb could be heard, it 
would sound like static on a radio. It would be a combination of 
frequencies ranging from low bass to high treble. If the light from 
a laser could be heard, it would have the pure tone of a perfect 
musical note. That’s because laser light, unlike sunlight or lamp- 
light, is all of one wavelength. The light waves all move in the same 
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direction and are all “in phase.” They’re “in step” so that one 
reinforces the next, like voices singing in a choir. 

An artificial ruby forms the core of a typical laser. The ruby is 
about the size and shape of a cigaret. Both ends of the crystal are 
ground and polished perfectly flat. One end of the ruby is silvered 
and the other is only partly silvered. 

Chemically, rubies contain particles that are “excited’’ when 
ordinary light of high intensity strikes them. Ruby lasers include 
a powerful flashtube to supply that ordinary light. ““Lasing,’”” the 
accepted verb for what happens, occurs when these excited particles 
emit a single ‘‘packet’” of light by shooting it out in a direction 
exactly parallel to the ruby crystal’s long axis. 

The particles of matter also emit other light “packets” in other 
directions. But they pass through the nonsilvered sides of the ruby 
instantly and thus are lost. 

When one packet of light hits the fully silvered end of the ruby, 
it is reflected back and strikes the other end. But before it does, 
it hits other particles of matter, which then emit other packets of 
light. The beam builds up as it picks up new light packets. It’s a 
bit like a column of marching men, picking up stragglers as they 
march up and down a long avenue. But only parallel light packets 
are added. Any light not moving in the exactly back-and-forth 
direction between the two mirrored ends of the ruby is lost almost 
instantly through the sides of the ruby. 

Soon, the light waves build up until they’re powerful enough to 
flash out of the less-silvered end of the ruby, a narrow, parallel, 
concentrated, powerful beam of light. 

After several million back-and-forth bounces inside the ruby 
crystal, all the out-of-step light waves are discarded and “‘lasing’”’ 
begins. Typical laser light vibrates 500 trillion times a second. 
But the vibrations are perfectly in phase with each other. 

The effect might be compared to ripples on a pond. Ordinary 
light is a jumble of frequencies and phases, something like the 
effect you’d see if you dropped a million tiny pebbles into a still 
pond. Laser light is “coherent,” the technical term for its parallel, 
all-in-step nature. A single large stone dropped in that same pond 

















109 


5:9 Holes are being drilled in a metal 
plate by a laser beam. The lens focuses 
the beam so it hits the exact point where 
the hole is to be drilled. 





would produce a series of regular, reinforcing ripples. 

The laser’s ““coherence’’ permits the beam to be focused onto a 
tiny area. Temperatures far higher than that of the sun’s surface 
can be reached. 


Lasers in use 


The laser is already saving money for a variety of industries. 
Until the laser was developed, for instance, there was no effective 
way to weld tiny electronic wires as thin as only thousandths of a 
centimeter. There was also no quick way to bore the tiny hole 
in a diamond used as a mold to form such fine wire. It used to take 
two days of painstaking work to drill a single diamond. Now, a 
laser beam drills the hole in two minutes. 

Dentists have “flashed” human teeth with a laser beam and have 
found that the tooth’s surface is fused in a way that reduces later 
decay. An experimental cane for the blind has even been developed. 
It sends out two laser beams. When the beams sense an obstacle, 
a feedback mechanism causes a slight vibration in the cane’s 
handle to warn the user of the obstacle. In a decade or two, laser 
beams may even peel potatoes in the kitchen. 

Lasers, in short, are no longer just a promise of the future. 
They’ve been zapping holes in razor blades for years now, but the 
slow transition from the laboratory to the outside world is well 
under way. 
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Our Visual 
Environment: 
Light or Blight? 
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A thought and discussion question 


The light that comes to our eyes is free and uncontrolled. No 
regulations state who shall or shall not view the splendor of a sun- 
set, or a vista of rolling hills, or inspiring architecture. But there 
are also few regulations governing the squalor of trash-filled 
vacant lots, or tattered billboards, or crumbling buildings. And 
where laws do exist, they are seldom enforced uniformly. 

According to common law, a person’s property is that person’s 
alone to use or abuse as he or she sees fit. Yet it is common practice 
to uphold public nuisance laws against people who make noise 
after certain hours, even if they are on private property. If sound 
waves can cause nuisance, can’t light waves also present a public 
nuisance? The appearance of a property is, in a sense, part of the 
visual environment, which is shared by all. Should it be protected 
for the benefit of all? 

Careful experiments have long shown that the appearance of the 
environment affects those who live in it. Red surroundings, for 
example, can cause people to overestimate time and the size of 
objects. Green or blue surroundings can cause underestimates 
in these areas. Some experiments quite a few years ago showed that 
the colors blue and magenta had a quieting effect on mental 
patients, while red-yellow shades had a stimulating effect. Look 
down the average store-lined street and note the colors most used 
in signs and windows. In a way, we are all inmates in this stim- 
ulating environment. Is our own need for quieting influences 
being neglected? 

The brightness of light can also affect people. You yourself have 
probably seen how a sunlit sky can cheer people the moment they 
step outside. The same sky, streaked and clouded with the grey 
smudge of smog, can put a sense of gloom into anyone. Air pol- 
lution has also taken all but the brightest stars out of many skies, 
depriving us of an ancient source of wonder and knowledge. Apart 
from the health hazards and economic waste of air pollution, might 
it be worth the cost of cleaning up the air to regain the sight of 
sunny skies and stars at night? 
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Billboards and other advertising also enter into any consideration 
of visual pollution. Some states already have laws prohibiting signs 
near their highways. The United States government has banned 
signs from some scenic stretches of interstate highways. The result- 
ing gain in natural beauty has been appreciated by the many 
people who travel by car. Could the same regulations be applied 
in cities to prevent scenes like that in the illustration from becoming 
the rule in our country? Or would such control interfere with free- 
dom of speech? Individuals or a company, for instance, might feel 
that putting a sign on property near a highway is a right guaranteed 
by the constitution. If something can be printed in a newspaper or 
magazine, they might say, it can be printed anywhere. 

The confusion of signs in cities and towns adds to the chances 
for missed traffic signs, stop lights, and even people crossing 
streets. There are laws in some places prohibiting signs that re- 
semble traffic signs in shape or color. But could we hope to clear 
up our view in the cities enough so that it is not just possible, but 
easy and safe, to drive in them? And who could or should do this 
huge job? Should it be handled by the federal government, state 
or local laws, citizens groups, or campaigns for control by busi- 
nesses and individuals themselves? 

Junkyards and unsightly construction are also part of our visual 
pollution. But can we make businessmen and landlords foot the bill 
for removing or covering up eyesores? 

And what about the need for beauty in the homes and buildings 
that surround us—not just neatness and cleanliness, but a step 
above these. Our public buildings were often, in the past, designed 
and ornamented by the best architects and artisans available. The 
tradition of devoting resources and wealth to achieve an example 
of fine public architecture dates even farther back than the building 
of the great cathedrals in Europe. 

In the Middle Ages, in cities such as Paris, Reims, and Nurem- 
berg, the whole town would contribute money, materials, and 
labor, often for a period of centuries, to erect a monumental place 
of worship that would be more than just the necessary roof and 


walls. It gave the people a priceless feeling to see their work rise 
above the everyday structures around them. 

Even today, public libraries, museums, and other buildings in 
some of the larger cities stand as examples of this same goal. But 
the cost of fine architecture is going up. Smaller towns and com- 
munities often settle for less costly buildings, which, when built, 
are adequate but definitely not inspiring. Because they are built 
quickly and cheaply, they hardly last a few generations. And in the 
cities, buildings turn dingy due to the air pollution, and cannot be 
kept looking as good as new. Granted, citizens have varying tastes 
in architecture, but could—or should—measures be taken to 
improve the general level of this important part of our environ- 
ment? Should private, as well as public, buildings be included? 

If architectural codes, now being discussed in many circles, are 
enacted, should they include visual standards, as well as structural 
ones? Can the ideas of space and light and a feeling of “elbow 
room” be legislated, when laws must deal in the concrete terms of 
length, width, and weight? 

Is there any hope for correcting these many forms of visual 
pollution? Is the problem important enough to merit local and 
national attention? Can the resources be mustered to make a start? 
And, perhaps most important, will people see any need for the 
effort? 

What do you think? 


If you would like to read more about this subject, look up the following 
topics in The Readers’ Guide to Periodical Literature, in your library 
card catalog, or in an encyclopedia: 


Advertising Lighting 
Architecture Pollution 
Color, psychology of Smog 


Environment 


Law—civil, common, and 
roads and traffic 
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Unit 2: Electricity 
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Blast off! 


As the giant rocket with its manned spaceship roars off, turn for 
a moment to the scene inside the control room. Panel lights are 

_ blinking. Computers are whirring. TV monitors are glowing. All 
are keeping tabs on the rocket and its crew. Life is held in the 
balance as each control, every monitor, does its job accurately, 
dependably, and... electrically. Without electricity, the rocket 
would never leave the pad! And without electricity, the spaceship 
and its crew would never return safely to earth. 


You are just as dependent upon electricity as the spaceship 
launch. Imagine what your life would be like if suddenly you had 
to do without electricity. In your home or school there would 
be no lights, no heat, no hot water. Outside there would be no 
street lights, no traffic signals. Elevators would come to an instant 
halt no matter where they were. And electric railway trains would 
stop no matter where they were. Life would be different and 
rather difficult without electricity. 
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Chapter 6: Measuring Electricity 
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When you turn on a TV set, 
you probably never think 
about the ‘amount of elec- 
tricity” you are using. Only 
muffled complaints of “You 
got that thing on again?” and 
“Costs money to run that set 
night and day!” take you 
away from your viewing. Your 
lack of concern is under- 
standable. How in the world 
is the electric company go- 
ing to know if you’ve got the 
TV turned on or not? 


The fact is, the electric com- 
pany does know how much 
electricity your family uses 
each month. And they do bill 
their customers for the total 
amount used during the bill- 
ing period. How do they do 
this? 


In this section you will begin 
your study of electricity by 
finding some basic ways to 
measure quantities of elec- 
tricity. In addition, you will 
learn what it takes to make 
electricity flow. 
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A mental model 


Often, when dealing with 
strange and unknown events, 
we can go a long way toward 
understanding what’s going on 
if we make a mental model. 
We used one such model in 
the light unit. There, we spoke 
of light intensity as being sim- 
ilar to the intensity of spray 
mist from a paint sprayer. Per- 
haps that same model can help 
explain how electricity is 
measured. 


First, we must assume that 
every droplet of the mist is the 
same size as every other drop- 
let. Now, suppose we wanted 
to measure the intensity of the 
‘mist at various distances from 
the sprayer. 


We might be able to conjure 
up a sort of ‘“mist-detector,”’ 
consisting of a wire screen, 
some connecting wires, and an 
electric pulse-counter. Let’s 
say that every time a droplet of 
mist hits one of the fine wires 
in the screen, a tiny pulse of 
electricity is sent along a wire 
to the counter. A second wire, 
from the pulse-counter back 

to the other side of the screen, 
completes the path for the 
pulses. 


We are now able to measure 
the spray. All we have to do is 
count the number of electric 
pulses per second. 
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However, the paint mist is 

so fine that the number of 
pulses is extremely large— 
much too large to count. So, 
instead, we count groups or 
units of pulses per second. 
Then we will know how many 
units of mist are hitting our 
screen per second. 


Although our paint ‘‘mist- 
detector’”’ is strictly imaginary, 
there is a similar device in the 


real world. It is the light meter. 
In it, there is a light-sensitive 
surface which acts just like the 
screen in our model. As “drop- 
lets’”’ of light strike this sur- 
face, pulses of electricity are 
sent along a short wire to a 
counter. 


In this case, the counter is 
connected to a dial on the face 
of the light meter. As more 
light per second reaches the 
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light rays 














light-sensitive surface 


6:3 Light-collecting parts of a light 
meter 


6:5 Some cars have an electric pulse- 
counter on the dashboard. In this car, 
it is next to the speedometer. 











6:4 Electric pulse-counter in a simple circuit. Notice that the needle is not exactly 
on a number. Meter readings throughout this unit are not exact. Light bulbs and 
batteries do not always work at their ideal levels. 


sensitive surface, more pulses 
per second pass through the 
counter. And more units of 
pulse per second are recorded 
by the counter. As a result, 

the reading on the dial becomes 
higher. 


Fascinating as these light- 
sensitive surfaces can be, let 
us turn our attention to the 
pulse-counter. It turns out 
that a light meter isn’t the 


only place you will find this 
device. In fact, the electric 
pulse-counter is a very com- 
mon measuring instrument 
with many, many uses (figures 
6°4, 6°5, and 6°6). But, first, a 
word about those ‘pulses.”’ 


The pulses are not easily 
separated, one from the next. 
But in our model they are of 
equal size. And even if the 
pulses are all run together into 
a continuous stream, we can 
still imagine the stream to be 
made up of a definite number 
of these ‘‘pulses.” The scien- 
tific name for each unit of 
pulses of electricity is a cou- 
lomb. And the name for the 


6-6 Electric pulse-counters in an air- 
plane control panel 














6:7a 
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6:7 Ammeters are very delicate instru- 
ments which can burn out very easily if 
too many coulombs per second (amps) 
pass through them. Therefore, whenever 
an ammeter is used in a Circuit, the 
Circuit must also contain a user of 
electricity other than the ammeter. 


stream of moving pulses is 
electric current, or simply cur- 
rent. We will use these terms 
from now on. 


Thus, we can now speak of a 
“coulomb-counter,”” and we 
find that such a device can be 
used to count coulombs of 
electricity going through a 
wire no matter how or where 
the electricity originates. But 
because “’coulomb-counter” is 
rather a mouthful to say each 
time, we will call it by its more 
formal name, an ammeter (fig- 
ure 6°7). 


Most often we are interested 
in the rate of flow of electricity, 
or the number of coulombs 
streaming through a wire each 
second. The scientific term for 
coulombs per second is am- 
peres, or amps, for short. One 
amp is the same as one cou- 
lomb per second. If you look 
at any of the meters used to 
measure the rate of flow of 
electricity, you will see the 
word amps written right on 
the dial. This tells you that it 
is an ammeter. 


An electrical path 


Before we begin measuring 
electric currents, one important 
idea must be made clear. In 
order for electricity to flow 

in the first place, there must 
be a complete path or circuit 
from one side of a source of 
electricity to the other side of 
the source. For example, if an 
ordinary flashlight battery is 
to be used to provide an elec- 
tric current, then a wire must 
lead from the small knob at the 
top of the battery, around to 
the bare metal at the bottom. 
If this path is broken or dis- 
connected at any point, elec- 
tricity will no longer move 
around the circuit. 


In most cases, there will be 
one or more devices that use 
electrical energy connected in 
the circuit. They will be con- 
nected so that they become 
part of the pathway. In other 
words, the electric current, 
which is a source of electrical 
energy, must flow through 
them in order to get back to 
the source. The same is true 
of an ammeter. It must be made 
part of the circuit so that it 
can count the coulombs per 
second passing through. If 
the circuit is broken, the am- 
meter will show no reading. 


Since light bulbs are devices 
that use electrical energy, they 


also will not work without a 
complete circuit. For a bulb to 
light, electricity must go 
through the tiny wire inside 
the bulb. Electricity causes this 
wire, called the filament, to 

get so hot that it glows. If the 
filament should break or burn 
through, the circuit will be 
broken and no more electricity 
can flow through the bulb. 


In all practical uses, to turn 
off an electrical device, you 
want to break a circuit on pur- 


pose, without burning through 
a filament or cutting a wire. 
This is done with a device 
called a switch. Opening a 
switch breaks a circuit and 
stops the flow of current. Clos- 
ing a switch completes a cir- 
cuit and the current flows once 
more. 


In order to have a complete 
circuit, not only must all the 
parts be connected, but they 
must also be made of materials 
which readily carry electricity. 
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open switch 
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That is, all the parts of a cir- 
cuit must be conductors. They 
must be made of copper, alu- 
minum, or other metals that 
conduct electricity. 


All materials will conduct some 
electricity. But one group of 
materials, called insulators, 
conducts so little electricity 
that they are, for all practical 
purposes, nonconductors. In- 
sulators are used to keep a 
current within its desired path 
by forming barriers. Insulators 
are like walls that keep elec- 
tricity in the right places. 

For example, wires are covered 
by insulators to keep the elec- 
tric current where it is sup- 
posed to be instead of jumping 
to other wires or nearby con- 
ductors. (Air, too, is a conduc- 
tor.) You have probably seen 
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the long glass insulators which 
keep electric transmission 
lines from touching the tall 
steel towers supporting them 
(figure 6°9). If the glass insula- 
tors were not there, nothing 
would keep the electric cur- 
rent in the lines from going 
through the steel tower, right 
into the ground. 


Bright lights and dim. 


In figures 6°10 and 6:11 there 
are three lamps of varying size 
and brightness with ammeters 
attached between them. The 
ammeters (labeled “A” meters) 
serve as links from one bulb 
to the next. Each coulomb of 
electricity must move through 
an ammeter before it gets to 
the next bulb. However, other 
meters (labeled ‘“V”’ meters) 
are attached so that the current 
splits into two parts. ““V” 
meters are designed so only 

a tiny part of the current goes 
through them. Almost all of 
the current goes through the 
bulb. 


The “A” meters all read the 
same in each figure. But no- 
tice the readings on the “V” 
meters. How do the readings 
on the “V” meters relate to 
the brightness of the lamps? 
Notice that the readings on 
the “V” meters are all dif- 
ferent, yet all bulbs get their 
coulombs of electricity from 
the same source. How is this 
explained? 


Again, we have the problem of 
picking a suitable model. In 
this case, we want to choose 
some “thing” to stand for a 
coulomb of electricity and find 
out what happens as the cou- 
lomb passes through the light 
bulb. 
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Nothing we can think of exactly 
fits because a coulomb of elec- 
tricity is like no physical thing 
we can see, touch, or taste. So, 
realizing our model is not 
exact, let us think of a cou- 
lomb of electricity as a tiny, 
invisible dump truck traveling 
down the wires at great speed. 
Furthermore, there is an end- 
less stream of dump trucks, 
bumper-to-bumper, all moving 
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down the wire at the same 
speed. 


Now comes the hard part. Be- 
sides trying to think of dump 
trucks that aren’t there, we 
must also imagine an invisible 
cargo, called energy. 


Energy is not a thing, not a 
fluid, not a substance of any 
kind. You cannot find some 
energy and pick it up by the 


scruff of the neck. Rather, 
energy is just a sort of “ability” 
to get things done. It is this 
“ability” which is picked up 
by our dump trucks as they 
leave a source of electric cur- 
rent (such as a battery). This 
“ability,” or energy, is carried 
by each truck to the first elec- 
trically operated device, in this 
case a lamp. There, some of it 
is “dumped.” The delivered 


energy makes the lamp glow 
and the truck continues to 
the next user. 


In figure 6°12, you can see 
that each dump truck is being 
supplied with 24 units of 
energy as it leaves the source. 
The first device gets 15 units 
of energy, leaving nine still 
in the truck as it drives on to 
the next device. There, three 
units are deposited, and the 
remaining six units are de- 
livered to the last device on 
ime route.” 


What we are saying, then, is 
that each coulomb of electricity 
has a certain amount of energy 
as it travels along a wire. This 
energy is furnished by the 
electrical source and some of 

it is taken away by each device 
in the circuit. One by one, the 
devices take energy from every 
coulomb of electricity passing 
through them, until finally, the 
coulombs return to the source 
to pick up a new supply of 
energy. 


Now you are ready to under- 
stand the readings on the 
meters. The three ammeters 
(“A” meters) in figure 6-10 
tell the number of coulombs 
per second passing through 
each part of the route (dump 
trucks per second). Of course, 


if there is one coulomb per 
second passing a point near 
the first lamp, there will be 
one per second everywhere else 
on the route, too. This is be- 
cause in the dump-truck model 


trucks are moving bumper to de 


bumper at equal speeds. 


Now, what about the “V” os 


meters? 


The “V” meters show the 


amount of electrical energy 3. 


per coulomb being received by 
each lamp. Fifteen units per 


coulomb are being used by the 4 


first lamp in figure 6-10 so the 
first “V” meter reads “15.” 
The “V” meters are called 
voltmeters. And as you might 
have guessed, electrical energy 
per coulomb is measured in 
units named volts. Thus, the 
first bulb uses 15 volts per 
coulomb, the second uses 3 
volts per coulomb, and the 


last one uses 6 volts per cou- 5. 


lomb. Altogether, the source 

supplies 24 energy units for 

each coulomb, so we Say it is 
a 24-volt source. 


Figure 6°11 shows a 12-volt 
source replacing the 24-volt 
source in the original circuit. 
What differences can you see 
in the readings of the am- 
meters and the voltmeters? 
Note that a voltmeter is always 


attached with one wire at each 
side of a user of electrical 
energy. 


TESTO VOURSELE 


a. What is an amp? b. What 
is a volt? 


Tell how the terms con- 
ductor, insulator, and circuit 
are related. 


In a circuit, how is a volt- 
meter attached differently 
from an ammeter? 


Suppose there were three 
electrically operated devices 
connected in a row to a 
battery of unknown voltage. 
Each device has a voltmeter 
attached to it in the proper 
fashion. How could you use 
the readings on the three 
voltmeters to find the voltage 
of the battery? 


In figure 6:10, suppose we 
reversed the positions of 
bulb #1 and bulb #2. How 
many units of energy would 
the little dump truck in fig- 
ure 6°12 now be carrying as 
it travels from the new bulb 
#1 to the new bulb #2? 
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ON YOUR OWN 





Test conductors of electricity 


Have you ever wondered whether 
something is a conductor of 
electricity? You can make a con- 
ductivity tester out of the follow- 
ing materials: 


2 11/2-volt batteries size D 

1 3-volt flashlight bulb in a 
socket 

3 25-cm (10-in) lengths of #20 
insulated copper bell wire 

2 iron nails, 5 cm (2 in) long 

Friction or adhesive tape 


PROCEDURE: Connect the bat- 
teries, wire, and socket as shown 
in the drawing. (CAUTION: It can 
be very dangerous to do this ex- 
periment with any other source 
of electricity.) Remember that 
you must strip the insulation 
from the ends of the wire where 
it will be in contact with another 
part of the circuit. Remove 8 cm 
(3 in) of insulation from the free 
end of each wire, and wind one 
free wire end around each nail. 
Cover the part of the nail at- 
tached to the bare wire with 


tape. 





tape i 
covering wire 


Test the circuit by touching the 
nails to each other. The bulb 
should light- Now you can test 
substances to find whether they 
conduct electricity. 


Touch the nails to each end of a 
key. Does the bulb light? Touch 
the nails to each end of a penny, 
nickel, dime, quarter, and half 
dollar. Try a silver dollar if you 
have one. In which cases does 
the bulb light? Test a paper clip, 
an eraser, a pencil lead (break 
the pencil and sharpen both 
ends), a comb, a hairpin, a piece 
of aluminum foil, and other fa- 
miliar objects. 


Immerse the nails in water, salt 
water, and sugar water. In which 
cases does the bulb light? Dry 
the nails. Put a small amount of 
salt on a napkin and test it. Try 
a small amount of sugar. Does 
the bulb light for either sub- 
stance? a 
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Early experimenters 
with electricity 


Everybody knows the famous Ben Franklin kite-flying story. The 
man recognized as America’s leading scientist of his time really 
risked his life on that experiment. And for what? To prove his 
point that lightning was nothing more than the release of an elec- 
trical charge (group of pulses) built up in a storm cloud. He claimed 
that when the charge reached a point where it no longer could be 
contained, it jumped to neighboring clouds or to tall objects on 
or near the ground. 

To test his hypothesis, Franklin attached a pointed metal rod 
to the top of his kite. He also attached a key to the lower end of the 
kite string. He expected the rod on the kite to pick up the jumping 
electric charge. He thought the charge would then travel down the 
string to the key. Sparks appeared around the key when lightning 
hit the kite. Franklin felt he had proved his hypothesis. 

Fortunately Franklin was not killed by this dangerous experi- 
ment. Some other scientists were. To protect himself, Franklin 
used an insulating dry silk ribbon between the kite string and his 
hand. And, luckily, the bolt of lightning that hit his kite was not 
strong enough to jump across the insulation. 

Franklin put the results of his experiment to good use by in- 
venting the lightning rod. This device is a metal pointer mounted 
on top of a building and connected by a wire to the ground. It 
provides a safe path to the ground for jumping charges in an elec- 
trical storm. It keeps the charge from moving through a building 
where it could start a fire. 

Few people know the more whimsical side of Franklin, however. 
Just for fun, he invented a lightning rod that rang chimes when the 
air was charged. He also made a portrait of the King of England. 
To the delight of practical jokers everywhere, he electrified the 
king’s crown so that anyone who touched it got the shock of his 
life! Another time Franklin staged a grand “electrical picnic’’ for 
his friends. He told them that ‘spirits are to be fired by a spark 
sent from side to side through the river without any other conduc- 
tor than the water. .. . A turkey is to be killed for our dinner by an 
electric shock and roasted . . . before a fire kindled by the electrified 
bottle.”” 


131 





























6:15 Benjamin Franklin 
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Two kinds of electricity 

Charles Francois DuFay (dti fa’), a scientist who lived just before 
Franklin, also used electricity to entertain. DuFay was a member of 
the court of Louis XV, and performed before gatherings of French 
nobility. 

In his more serious. work, DuFay identified what he thought were 
two kinds of electricity. He called the kind of electricity that builds 
up on glass when it is rubbed with fur “vitreous electricity.” And 
he referred to the electricity that collects on amber when it is rubbed 
with fur as “resinous.” He found that all objects with “vitreous” 
electricity repel each other as do all objects with ‘resinous’ elec- 
tricity. But objects with “vitreous” electricity attract objects with 
“resinous” electricity. Franklin later called these two different 
forms of electricity ‘positive’ and “negative.” And today we refer 
to the electricity that collects when one material rubs against 
another as static electricity. 

Static electricity, like current electricity, consists of charges. 
If the substance being charged is part of a complete circuit, these 
charges move around the circuit and do not accumulate in any 
one spot. And if the substance is not part of a complete circuit, 
the charges collect on that substance. But most substances are not 


6:16 Sketch of Duc du Chaulnes'’ 
improvement of Dr. Franklin's kite 
experiment. Du Chaulnes sits sus- 
pended above the ground and insulated 
from the ground. There is a lightning 

rod above his head and he is flying 

his kite by remote-control. 


normally charged. So it is quite natural for sparks to jump away 
from a charged substance just as lightning jumps out of the clouds. 
Such a discharge occurs when you walk on a wool rug on a dry day. 
Charges of static electricity build up on your body and are discharged 
as a Spark, giving you a shock when you touch an object that carries 
the charge away. 

DuFay used static electricity for one of his favorite exhibits. He 
had an assistant suspend him from the ceiling with insulating silk 
cords. The assistant would then build an excess of harmless static 
electricity on DuFay with a static electricity machine (figure 6°17). 
When someone touched DuFay in the darkened room, large sparks 
jumped. The spectators were delighted. 









eee © 





6:17 Electrostatic machine. When the 
crank Is turned, the glass wheels turn 
rapidly. As they turn, they rub against 
pieces of fur in the top holders. A 

static charge builds up on the glass. 
This charge is removed by the brass 
rods touching the edge of the glass. It 
will jump the gap between the knobs on 
the right-hand side of the picture. 





133 





6-18 Sketch of van Musschenbroek’s 
experiment. Van Musschenbroek is op- 
erating the electrical machine while 
his assistant is holding the Leyden 

jar. The assistant is moving his other 
hand toward the conducting rod where 
he will be shocked by the large dis- 
charge of electricity from the jar. 
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Collecting electricity 

At first, both Franklin and DuFay thought that electricity was 
some kind of invisible fluid. They said it flowed through wires in 
much the same way as water flows through pipes. This fluid model 
gave rise to many terms, such as “current,” which are still in use 
today. 

Experimenters before Franklin and DuFay thought that if elec- 
tricity is a fluid, one should be able to collect and store it. But 
what kind of container might be suitable for collecting the magical 
electric fluid? Could it be contained in a bottle? Would a bottle 
filled with a conducting substance, such as water, hold a highly 
concentrated amount of electricity? 

In 1745, Peter van Musschenbroek (van mus’en bruk), a pro- 
fessor at the university in Leyden (lid’n), Holland, tried to answer 
these questions. He decided to electrify some water in a glass jar. 
He put a wire from an electrical machine into the water in the jar 
(figure 6:18). An assistant held the jar in his hand. He had no ill 
effects and expected none. After the water inside the jar had been 
charged for a while, the machine was disconnected and the assist- 
ant reached up to remove the loose wire in the jar with his other 
hand. He was quite surprised when he received a severe jolt! 


Van Musschenbroek supposed that a large amount of electricity 
must have been suddenly discharged when the water inside the 
jar was connected to the moist hand outside the jar. This large 
discharge could only result from a pair of opposite charges being 
joined. At the same time a charge was building up inside the jar, 
an opposite charge was apparently building up in the assistant’s 
wet hand outside the jar. This is where the ZAP came from. The 
assistant was shocked because his body was part of the path for the 
electricity. 

Van Musschenbroek tried to redo the experiment without giving 
his assistant another electric shock. He again ran a wire from a 
static electricity machine to the water inside the jar. But, this time 
he replaced the assistant’s hand with a metal jacket covering the 
outside of the jar. He had two electrical conductors (water inside 
and the metal jacket outside) separated by a nonconducting insula- 
tor (the glass jar). He again charged the water. Then he brought the 
free end of the wire in the water close to the outer metal jacket. 
Just as he expected, a large spark jumped between the end of the 
wire and the metal jacket. His collecting jar became known as the 
Leyden jar (figure 6°19). 

The Leyden jar quickly became popular with the experimenters 
of Van Musschenbroek’s time. For example, Franklin’s experiments 
with a Leyden jar led to his hypothesis about electrical charges in 
the clouds. Today experimenters still use variations on Van Mus- 
schenbroek’s Leyden jar for storing electrical charges. Modern 
Leyden jars have metal conductors rather than water on the inside. 
We now know that the metal conductor on the inside of the jar 
stores one kind of charge, while the one on the outside stores the 
opposite charge. 

Some of the ideas and activities of these early scientists seem 
strange. However, we still use some of these same mental models 
today. We say that electricity flows through a wire and that things 
can have a positive or a negative electrical charge. 


6:19 Leyden jar 


copper rod 
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What’s a watt? 


If you look at the top of a light 
bulb, you will see a number 
and the word “watts.’” As you 
know, when buying light 
bulbs, if you want the bright- 
est light, you should pick the 
bulb rated at the highest num 
ber of watts. 


But what is a watt? To answer 
this question, compare the 
volts used by the bulbs in the 
three circuits in figure 6°20. 
Then compare the amps mov- 
ing through the three circuits. 
For example, what is the volt- 
meter reading in the first cir- 
cuit? What is the amperage 
through the first bulb? The 
bulb is rated at 25 watts. Notice 
how this number (25 watts) re- 
lates to the number of volts 
and amps. Now see if this re- 
lationship is true for the other 
bulbs in figure 6:20. 


6:20 The bulb in section a is rated at 
25 watts. The bulb in section b is rated 
at 9 watts, and the bulb in section c is 
rated at 15 watts. 
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6-21 


As you might have already 
decided, watts are equal to the 
number of coulombs per sec- 
ond (amps) multiplied by the 
energy per coulomb (volts) 
being used by a bulb. By car- 
rying this reasoning further, 
you will find that this multipli- 
cation results in energy per 
second. In other words, the 
term watts means “energy per 
second.” The more energy per 
second a bulb uses, the brighter 
it burns. We might say it is a 
more powerful bulb. So ‘’energy 
per second” means “power” 
too. In the same way, the more 
power a toaster or electric drill 
uses, the more energy per sec- 
ond is required from the 
household circuit. 


There is a second rating on the 
top of a light bulb. This indi- 
cates the voltage at which the 
bulb works best. To work 
properly, every appliance 
should operate at the voltage 
listed on it. Then it will use 
power at the exact rate for 
which it was designed. 


137 





Watts and the electric bill 


You pay for electricity accord- 
ing to the number of watts 
you use Over a given time 
period. The electric company 
measures it in thousand-watt 
packages called kilowatts. 


You are billed for the number 
of kilowatts you use multiplied 
by the total time you used 
those kilowatts. For instance, 
if you turn on a 100-watt light 
bulb for one hour, you will 
use 100 watts or 0.1 kilowatt 
of electricity for that hour. 
And you must pay for 0.1 
kilowatt-hour of electricity. If 
you keep that light bulb on 
for 10 hours, you will use 10 
hours times 0.1 kilowatt or 1 
kilowatt-hour of electricity. 


Now you can calculate what it 
costs to operate a refrigerator 
for a 30-day month. A common 
refrigerator uses energy at an 
average rate of 400 watts or 
0.4 kilowatts. The motor of a 
refrigerator turns on when the 
temperature inside reaches a 
certain point. When the refrig- 
erator becomes cool enough, 
the motor switches off again. 


Suppose the total time in 
hours this refrigerator runs is 
30 days times 12 hours per day 
or 360 hours. Thus the total 
amount of electrical energy 
used would be 400 watts X 

360 hours = 144,000 watt-hours 
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6:22 Thedials on the meter register the number of kilowatt-hours being used. The 
dial on the right gives the number of kilowatt-hours from 1 to 10. The next dial reads 
from 10 to 100. The center dial reads from 100 to 1000 kilowatt-hours. The fourth dial 
from the right reads from 1000 to 10,000, and the dial on the left, from 10,000 to 
100,000 kilowatt-hours. The reading on this meter is 3004 kilowatt-hours. 


or 144 kilowatt-hours. What 
does it cost to run this re- 
frigerator if the electric com- 
pany charges three cents per 
kilowatt-hour? 


You can also calculate the cost 
of playing your radio. A small 
table radio uses energy at a 
rate of about 5 watts (0.005 
kilowatt). If you listen to that 
radio every evening, it might 
be on for four hours a day, or 
120 hours a month. Thus you 
would use 5 watts X 120 hours 
= 600 watt-hours or 0.6 kilo- 


watt-hours of electrical energy. 


At three cents per kilowatt- 
hour, it does not cost very 
much to run that radio. 


TEST YOURSELE 


L 


What is the unit for electri- 
cal energy per second? 


How much electrical energy 
per second does a 120-volt 
coffee pot use when 5 amps 
are passing through it? 


How- many watts are in a 
kilowatt? 


If you read by a 100-watt 
light bulb for three hours 
every night, how much elec- 
trical energy does the bulb 
use in 7 days? 


Meeting resistance 


Figure 6°23 shows three dif- 
ferent circuits. The bulb in 
each is using a different num- 
ber of watts. But all of the 
bulbs are using about 6 volts. 
So, a different number of 
amps must be flowing through 
each bulb. 


Everything else is the same in 
the three circuits, except the 
bulbs. So, logically, there must 
be something in the make-up 
of each bulb which determines 
the number of amps that will 
pass through at a given volt- 6-23a 
age. In other words, something 
in the bulb itself allows either 
a large, small, or medium 
number of amps to pass 
through it. 


This characteristic which 

fixes the number of amps to 
pass through an electrical 
device is called the electrical 
resistance of the device. For 
example, a bulb through which 
a large number of amps pass 
at a certain voltage has a 

low resistance. A bulb through 
which fewer amps pass at the 
same voltage has a higher re- 
sistance. 


6:23 a,b,andc_ The batteries in 
these photos did not supply exactly 
6 volts because they wore down slightly 


while being photographed. 
6°23b 


30 watts 


af 
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There is a simple relationship 
between volts, amps, and re- 
sistance in a circuit. When the 
resistance is measured in units 
called ohms, one ohm of resist- 
ance allows one amp of current 
to flow when the voltage is 
one volt. You can calculate the 
ohms of resistance of the light 
bulbs in figure 6°23 by using 
the formula: ohms = yore 
amps 
In other words, the resistance 
in a circuit is found by divid- 
ing the total amount of voltage 
used in the circuit by the 
number of amps flowing 
through it. 





For example, look at the 

circuit in figure 6°:23b. Six 
volts divided by 1.5 amps 
equals 4 ohms. Notice that 
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6:23c 


each of the circuits in the 
figure has a different resist- 
ance. You get a different num- 
ber of ohms for each user 
because each user allows a 
different number of amps to 
pass through it at the same 
voltage. 


Since resistance is a character- 
istic of all devices run by 
electrical energy, such devices 
are often called resistances. For 
example, a refrigerator motor, 
a TV picture tube, and an 
automobile headlight are 

all resistances. 


More resistance 


There’s more to electrical re- 
sistance than meets the eye. A 
good example may be found 
in an extension cord leading 
from an outlet to some high- 
powered appliance. (CAU- 
TION: To use an extension 
cord in this way is an unsafe 
practice and may cause a fire. 
Normally, large appliances 
should be plugged directly 
into a wall outlet.) 


Before the appliance is turned 
on, the insulated extension 
cord is at room temperature, 
like everything else in the 
room. But after the appliance 
has been running for a short 
time, if you take the extension 
cord in your hand, it feels 
warm. This warmth results 
from the wire’s resistance to 
the flow of an electric current. 
However, this resistance has 
changed somewhat during the 
short time since you first 
turned on the appliance. It 
has changed because tempera- 
ture affects the resistance of 
most metals. 


The resistance of copper in- 
creases as it gets warmer. 
When the copper wire was at 
room temperature it offered 
very little resistance and, as a 
result, lots of electricity surged 
through to the appliance. This 
surge of current increased the 


temperature of the wire. The 
wire, in turn, acquired an 
increased resistance. As the 
resistance in the wire in- 
creased, the flow of current 
tapered off, until the wire 
reached some stable tempera- 
ture and some stable resist- 
ance. For this reason, the 
extension cord remained warm 
instead of getting hotter and 
hotter in your hand. 


Thus, you see that the number 
of ohms of resistance does not 
always stay the same in a 
given appliance or light bulb. 
Resistance may increase as the 
temperature goes up or de- 
crease as the temperature goes 
down. It follows that most 
appliances will use electricity 
at a faster rate when they are 
first switched on than when 
they get warmed up to operat- 
ing temperature. 


You can further increase the 
temperature of a wire in an 
appliance by increasing the 
voltage. This has the effect of 
increasing the amperage, 
which is what heats the wire 
more. Figure 6:24 shows a 
graph of voltage versus am- 
perage for a tungsten filament 
in a flashlight bulb. As you 
can see, the amperage through 
the filament increases as the 


tungsten filament 
if Ty 














volts 






































6-24 amps 


voltage is increased. This ad- 
ditional amperage heats the 
filament more and more. The 
result is an increase in the re- 
sistance of the filament. This 
increase in resistance is shown 
by an upward curve on the 
graph. 


On the other hand, carbon 
filaments, like the ones used 
in Edison’s early light bulbs, 
are affected differently by 
increases in temperature. Fig- 
ure 6°25 shows a graph of volt- 
age versus amperage for the 
carbon filament of a light 
bulb. The resistance of a car- 
bon filament decreases as its 
temperature increases. This 
means that carbon filaments 
conduct more and more elec- 
tricity until they burn out. 


TES LAY OURS ELE 

1. How can you find the elec- 
trical resistance of a circuit 
if you know the amperage 
and voltage? 


2. A hot plate is plugged into a 
120-volt outlet. The ammeter 
in the circuit is reading ‘10 
amps.’” What ts the resist- 
ance of the hot plate 
in ohms? 


volts 


carbon filament 
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6-25 


amps 


A certain portable phono- 
graph can run on two 9-volt 
batteries. If the phonograph 
is rated at 36 watts, what is 
the resistance in ohms? 


Does an appliance with high 
resistance use more or less 
wattage than an appliance 
with low resistance if both 
are attached to identical 
power sources? 


a. Back a few sections, 

when you were first learning 
about voltages, we used a 
“dump-truck model’ to de- 
scribe the volts needed by 
several different light bulbs. 
Tell how you would now 
expand that model to explain 
why one bulb always took 

9 energy units from each 
coulomb, another took 6, and 
so forth (figures 6-10, 6-11, 
and 6:12). 


b. Calculate the resistance 
in ohms of each of the bulbs 
in figures 6+11 and 6-12. 
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Along the electricity circuit 


Most of the simple circuits you 
have seen so far have contained 
only one resistance per circuit. 
But, as you probably know, 
quite a few resistances can be 
added to the same circuit. 
Basically, there are just two 
ways in which electrically op- 
erated devices can be hooked 
together in a circuit. 


Let’s look at each way by go- 
ing to the kitchen and borrow- 
ing a few familiar appliances. 
We will take these appliances, 
hook them up to ordinary 
household circuits, and meas- 
ure what is happening. As- 
sume, for easier arithmetic, 
that all household circuits are 
provided with 120 volts. In 
reality, the voltage does vary 
slightly. It depends upon lo- 
cation, time of day, and season 
of the year. People have a 
greater demand for electric 
power at different times and 
the power companies are not 
always ready to meet the de- 
mand. So the voltage some- 
times varies a little. 


Now, look at figure 6°26. What 
would be the amperage 
through each of the circuits 
shown? You remember that 
volts X amps = watts. So, 
amps can be found by divid- 
ing watts by volts. 
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6-26a 





720 watts 





1440 watts 





6-26c 








Refrigerator: 


480 watts 


120 volts 


Toaster: 
720 watts 


120 volts 


= 4 amps 


= 6 amps 


Frying pan: 
1440 watts 


Tits 


Next, what is the resistance 
of each of the three appliances? 
volts 


=ohms.) 
amps 





(Remember that 
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Refrigerator: 
120 volts 


= 30 ohms 
4 amps 


Toaster: 
120 volts 


= 20 ohms 
6 amps 


Frying pan: 
120 volts 


eamps = 10 ohms 


We now know the electrical 
resistance of each appliance 
and how many amps each 
will take when hooked up all 
alone to a wall outlet supply- 
ing 120 volts. Next, let’s find 
out what happens when we 


hook the appliances together. 


80 watts 





SERIES CIRCUIT 





120 watts 








What would happen if we 
connected all the appliances in 
a straight line so that the cur- 
rent would have to go first 
through one, then another, 
and so on? We can find out by 
doing an imaginary experi- 
ment. Every appliance has a 
double-wire cord. Each appli- 
ance cord would have to be 
split down the middle and 
wired as in figure 6°27. 


CAUTION: Such a procedure 
will ruin the appliances. There 
are also other factors involved 
that would interfere with an 
actual experiment with these 
appliances. Though this exper- 
iment works only in theory, 
you can verify its results using 
smaller resistances. 


This type of hookup is called 

a series circuit. All the appli- 
ances are connected together 
in a straight line or series. 
Old-fashioned Christmas tree 
lights used to be wired in this 
kind of circuit. If one of a 
string of lights burned out, the 
circuit was broken and all the 
lights went out. 


In a series circuit, only one 
electrical path is available. 
Each coulomb of current goes 
through every part of the cir- 
cuit. Therefore, the amperage 
is the same in all parts of the 
circuit. And the total resistance 
of the circuit will be the sum 
of all the individual resistances. 





Notice the total resistance 
around the series circuit in 
figure 6°27: 
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720 watts 


1440 watts 


PARALLEL CIRCUIT 


480 watts 











6-28 
Frying pan 10 ohms If 2 amps move through all Toaster: 
Toaster 20 ohms parts of this circuit, then how 40 volts x 2 amps = 80 watts 
Refrigerator 30 ohms many volts would be measured Frying pan: 
oeeecstincenee across each appliance in the 20 volts x 2 amps = 40 watts 
60 ohms circuit? 


Using this information, can 
you now calculate the number 
of amps this imaginary circuit 
would take if it were actually 
plugged in? A little earlier, 

volts 

amps 
fore, it must also be true that 
airs volts 

ohms 
series circuit, we must be sure 
to use the total resistance for 
the number of ohms. In this 
circuit: 
120 volts 
60 ohms 





we used = ohms. There- 





. However, ina 


= 2 amps of current. 
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Refrigerator: 

30 ohms X 2 amps = 60 volts 
Toaster: 

20 ohms X 2 amps = 40 volts 
Frying pan: 

10 ohms X 2 amps = 20 volts 


Compare these voltages with 
the voltages when each appli- 
ance was in a Separate circuit. 
The watts used by each of the 
appliances when connected in 
series to a 120-volt source 
would be computed this way: 


Refrigerator: 
60 volts x 2 amps = 120 watts 


However, the manufacturers of 
these appliances recommend 
that the refrigerator use 480 
watts, the toaster 720 watts, 
and the frying pan 1440 watts 
to work properly. Thus, in this 
series circuit, the refrigerator 
(at 120 watts) would be too 
warm; the toaster (at 80 watts) 
and the frying pan (at 40 
watts), too cool. Also, if one 

of the appliances in the series 
were turned off, it would 
break the circuit so that none 
of the appliances could work. 
In a series circuit all parts 
must work or none work. 


A more practical way to use 
several appliances with a 
single voltage source is shown 
in figure 6°28. This is called a 
parallel circuit because each 
user is connected directly to 
the outlet. Notice how many 
volts are available to each 
user in parallel. How many 
amps go through each user? 


120 volts 


Refrigerator: BOR Tank 4 amps 
120 volts _ 
Toaster: DOrohnie —=6 amps 
: 120 volts _ 
Frying pan: c(h eee 12 amps 


Compare the amperages of the 
appliances in parallel with 
their amperages in series. 
Notice that in a parallel circuit 
the greatest number of amps 
takes the path of least resist- 
-ance in ohms. The effect of 
attaching appliances in parallel 
is that they work as though 
each appliance were ona 
separate circuit. The energy 
per second (watts) used by 
each appliance when connected 
in parallel as in figure 6°28 

can be computed: 


Refrigerator: 

120 volts x 4 amps = 480 watts 
Toaster: 

120 volts xX 6 amps = 720 watts 
Frying pan: 

120 volts x 12 amps = 1440 watts 


Compare these wattage values 
with those recommended by 
the manufacturer (figure 6°26). 
Now the refrigerator, toaster, 
and frying pan will all per- 
form as they should. 


CAUTION: Appliances at- 
tached in parallel draw current 
off the line as they need it. 
Connecting too many appli- 
ances in parallel will therefore 
cause too many amps to pass 
through the house wires to the 
plug. Excess amperage can 
overheat the wires and cause 
a_fire. 


Protecting the circuits 


Appliances in your home and 
in your school are attached 

in parallel. Therefore, safety 
devices as shown in figures 
6:29 and 6:30 are put into the 
circuit to break the path for 
electricity if too many amps 
are moving through the wires. 
Fuses and circuit breakers are 
such safety devices. 


Fuses contain wire made of 


_ metal that melts at low tem- 


peratures. The thickness of 
the wire is varied to con- 

trol the number of amps that 
can pass through a fuse before 
the wire overheats and melts. 











6-29 
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When the amperage through 
the circuit is greater than the 
fuse was built to carry, the 
wire melts. The circuit is 
broken, and you must replace 
the fuse to complete the circuit 
again. If the circuit is still 
carrying too many amps, the 
wire in the new fuse will 
melt. Some people have 
“solved” this problem by 
putting a penny in the fuse 
box. This dangerous practice 
removes an important safety 
device and can lead to the 
house wiring getting so hot 
that it causes a fire. 


Circuit breakers are more 
practical safety devices than 
fuses. The circuit breaker is 
an automatic switch. The 
switch is controlled by a 
mechanism which is usually 
magnetic. When the amperage 
passes the specified value, 

a magnet becomes strong 
enough to attract the contacts 
away from each other. 


The main advantage of the 
circuit breaker is that it can be 
reset by hand. When the circuit 
breaker is open, you need 
only go to the circuit-breaker 
box and close it. Since it will 
reopen when the circuit is 
overloaded, and you cannot 
put a penny in it, you must 
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correct the overload to com- 
plete the circuit. Thus a circuit 
breaker is safer as well as 
more convenient than a fuse. 





6:30 Circuit breaker 


Batteries in series 
and parallel 


You have seen that the amount 
of energy per second going 
through a group of appliances 
differs according to how they 
are wired together. Do wattage 
differences also occur when 
you connect electricity sources 
(batteries) in different ways? 


In figure 6°31 there are two 
sets of four 142-volt batteries, 
one set wired in series and the 
other in parallel. An identical 
lamp has been placed in each 
circuit. Is the lamp wired to 
the first set of batteries 
brighter or dimmer than the 
one wired to the second set? 


Which method of wiring is 
supplying more volts? By mul- 
tiplying the volts by the amps 
for the lamp in each circuit, 
you can determine which lamp 
is using more watts. Which set 
of batteries do you think will 
keep the lamp lighted longer? 
(Hint: A battery furnishing 

a current at a steady rate of 

¥2 amp will last longer than 

an identical one supplying 

a steady 1-amp current.) 





6:31a Batteries in series 


UE oiaey OURS ETP 


iE 


Describe the difference be- 
tween the path electricity 
takes through a series and 
a parallel circuit. 


What happens to the amper- 
age in a parallel circuit 

as more appliances are 
plugged in? 


How does a fuse differ from 
a circuit breaker in the way 
it stops a current? 


Why should you not replace 
a fuse with a penny? 


Will two 9-volt batteries 
wired in series keep a tran- 
sistor radio running as long 
as two identical batteries 
wired in parallel? 


6°31b Batteries in parallel 


147 











The 
Shining 
Lights 


6°32 Edison's 


148 





fi 





WATE 


rst light bulb 





A history of 6:33 Edison’s study, Edison National 
electric lighting Historic Site, West Orange, N. J: 


The interesting past of the ordinary light bulb 

A small group of men stood watching anxiously as two of their co- 
workers were preparing an experiment. Then one of the two experi- 
menters stood on an elevated platform and began pouring liquid 
through a series of tubes and valves. This, he pointed out, was a 
way to pump most of the air out of an odd-shaped glass bulb and 
to keep a semi-vacuum inside the bulb. 

The men who were gathered in this crude laboratory stared at 
the glass bulb. The room was lit only by two flickering kerosene 
lamps hung on the wall. Many bulky storage batteries, like the 
ones in today’s automobiles, stood connected in series in one 
corner. The second experimenter picked up the two wires connected 
to the batteries and touched them to metal posts at the base of the 
glass bulb. A thin carbon thread which had been almost invisible 
inside the bulb began to glow. It glowed with such a white-hot 
brilliance that the kerosene lamps seemed to dim. The men gathered 
in the drafty laboratory that October night in 1879 turned their 
heads or shielded their eyes from the fiercely glowing thread. But 
they also cheered the inventor of the first practical electric light 
bulb, Thomas Alva Edison! 

Before Edison, many had attempted to make an electric lamp 
whose filament would get hot enough to produce usable light 
without quickly melting or burning up. 

In 1802, Sir Humphrey Davy of England showed that strips of 
platinum or other metals could be heated to glowing, or incandes- 
cence, by passing an electrical current through them. These strips 
or filaments gave off light, but for a very short time before they 
melted. 

The first patent for an incandescent lamp, the ordinary light 
bulb, was awarded in 1841, 38 years before Edison’s invention. 
The lamp consisted of an almost airless glass sphere. Inside it, 


powdered charcoal bridged a gap between two platinum wires or 


filaments. Light was produced by passing an electric current 
through the filaments. This current heated the charcoal until it 
glowed. The invention was impractical because the glass sphere 
quickly became black and the lamp burned out in a very short time. 
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6:34 An early light bulb with an ex- 
perimental filament 
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It was Sir Joseph Wilson Swan of England who paved the way 
for Edison’s invention of a practical incandescent lamp. As early 
as 1850, Swan made carbon filaments from paper. Since these 
burned out after a few minutes of use, he continued his search. 
By 1875 he was using cotton thread which he “carbonized” by 
treatment with sulfuric acid. And he mounted the filament in glass 
vacuum bulbs, as Edison was to do a few years later. But even 
after many years of patient work, Swan still was not successful. 
His lamps did not glow brightly enough or for a long enough 
time. It is interesting, though, that an early English electric com- 
pany was known as the Edison and Swan Lighting Company. 

Edison tried many materials including Swan’s filaments and 
agreed with Swan that a carbon filament was the best. At first 
Edison had made filaments by heating cotton thread in an oven 
until it turned to charcoal. Because these filaments broke too 
easily, Edison turned to charred bamboo strips. Lamps with the 
bamboo filaments burned brightly and lasted for about one hour. 
Edison was able to prevent the bamboo filament from burning up 
by removing more air from the bulb than Swan had. He could do 
this because his vacuum pumps were much improved over Swan’s. 

By varying the electrical energy source and the filament in the 
airless glass bulb, Edison improved his original electric light 
bulb until it glowed for 40 hours. But he continued to experiment. 
Finally, he invented a carbon filament of such diameter and length 
that it lasted from 600 to 800 hours when mounted in a vacuum and 
connected to a 110-volt source. Edison’s lamp gave enough light 
at reasonable cost to compete with existing gas lights. The new 
lamps lit up the 1893 World’s Fair in Chicago and began to change 
the world. But the victory was not total. A more easily prepared 
filament was still needed. 

Researchers tried and discarded many processes. Someone de- 
veloped a process of squirting carbon filaments from a paste. This 
process gave more uniform filaments than the carbonized threads 
or charred bamboo strips. Another found that preheating the 
carbon filament, while a light bulb was being made, enabled it to 
withstand long periods of intense heat. However, it was the metal, 


tungsten, which became the most useful filament material. Tung- 
sten is a tough, durable metal with a very high melting temperature 
that can be drawn out into very thin, strong wire. It also “burns” 
three or four times longer than a carbon filament. 

Because each tungsten filament can be made the same as every 
other one, lamp engineers can make bulbs that give light at specific 
rates when used with specific electricity sources. The early carbon 
filaments were not alike and there was no need for standard 
sources. So the standard light bulbs speeded the development of 
standard electricity sources—like the power plants that provide 
electricity for homes and offices. 

Even with all these improvements, research did not stop. In 1922, 
an American physicist named Irving Langmuir (lang’/mur) was 
working in the research laboratories of the General Electric Com- 
pany. He found that filling the light bulb with a gas such as nitro- 
gen or argon helps prevent the tungsten filament from vaporizing, 
as it does ina vacuum. These gases provide a protective atmosphere 
around the glowing filament. They are used rather than air because 
the filament would burn in air. Another process which slows down 
the vaporization of the filament was invented about this same 
time. This process involves winding the filament into tiny coils. 
(Note: Examine an unfrosted light bulb with a magnifying lens and 
try to see these tiny coils in the filament.) Because of these two 
improvements, you can operate filaments at higher temperatures 
for longer periods of time and get more light for your money than 
was possible with the earlier light bulb. 


The carbon arc—another oldtimer 

Another form of electric lighting, just as old as the incandescent 
lamp, is the carbon arc. When two carbon rods connected to oppo- 
site poles of an electricity source touch, they form a complete circuit. 
Electricity passing through the carbon rods causes them to get very 
hot. The heat turns some of the carbon into vapor. If the carbon 
rods are then moved a short distance apart, the carbon vapor acts 
as a link in the circuit. So the electricity continues to flow. As the 








6°35 Early light bulbs with experi- 
mental filaments 
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6:36 Carbon arc lamp 
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electricity keeps flowing through the carbon rods, it continues heat- 
ing them. Since the electrical resistance of the carbon decreases as 
the rods get hotter, more and more electricity flows through the 
rods and their tips become extremely hot. They produce a glow so 
brilliant that it can damage yours eyes if you look directly at it. 

At first, the carbon arc was used for street lighting and the light- 
ing of large areas such as baseball and football fields. Now, many of 
these are lit by incandescent lamps or gas discharge lamps (see 
below). Carbon arcs are now used, for the most part, in searchlights 
where a small, intense source is of great advantage. They also are 
used in the motion-picture industry as light sources for both 
photography and projection. 


Color, color everywhere 

A special kind of electric lamp has been used since the 1890's 
where colored light of low intensity is preferred, as in sign lighting. 
These lamps operate on the principle that certain gases at low pres- 
sures give off colored light when electricity passes through them. 
The color of light depends on the gas used. Neon gas gives red 
light, mercury vapor gives bluish green, carbon dioxide gives 
white, xenon gives bluish white, and helium gives purplish white. 
Long, thin lamps filled with one or more of these gases at low 
pressures are called gas discharge lamps. 

Each gas discharge lamp has an electrode or metallic terminal at 
each end. An electric current passes from one electrode, through the 
gas-filled tube, to the other electrode. Usually such a lamp needs 
a much higher voltage to start than it needs to keep glowing. So 
a special starting device is used to give the gas or vapor an initial 
jolt of electrical energy. After this initial drain, the lamp is an effi- 
cient user of electricity. 
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ou can make an incandescent 
amp with these materials: 


wide-mouthed jar 

cork, cardboard, or rubber jar 
cover 

5-cm (2-in) nails 

transformer from an electric 
train or car set (It should have 
a built-in circuit breaker or 
fuse. DO NOT use any other 
kind of transformer.) 

25-cm (10-in) lengths of #20 
insulated copper bell wire 
25-cm (10-in) length of 
‘braided copper lamp wire 

y, putty, or chewing gum 


ON YOUR OWN 


bell wire 


PROCEDURE: Put the nails 
through the cover of the jar, 
about 2 1/2 cm (1 in) apart. Use 
clay, putty, or chewing gum to 
hold the nails in position. Strip 14 
cm (about 1/2 in) of insulation 
from the ends of the lengths of 
bell wire. Attach the wires to the 


_ transformer as shown in figure 


6:37. Now pull six thin strands 
from the braided lamp wire. 
Twist two and three strands to- 
gether to make filaments of vary- 
ing thicknesses. Coil a single- 
strand filament by wrapping it 
around a toothpick. Coil the 
other filaments in the same way. 
Attach the single strand filament 
to the nails as in figure 6-37. 
Now attach the wires from the 
transformer to the tops of the 
nails. Plug in the transformer. 


transformer 













Add electrical energy slowly by 
turning the transformer switch 
until the wire coil glows. Then 
quickly turn off the current by 
using the transformer switch or 
by unplugging the transformer. 
If you keep the current going 
through the coil for any length 
of time, you may burn out your 
transformer. 


Try the 2- and 3-strand thick- 
nesses of wire filament. Which 
glows the brightest? With the 
least power? If there is any iron 
picture wire available at home, 
you might use it to make iron 
filaments. Compare the iron fila- 
ments with the copper ones. 
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The coin-operated automatic 
record player that some 
people call a ‘‘jukebox”’ 
would not work without mag- 
nets. When you drop a coin 
in the slot, a magnetic device 
checks the coin to see if it 

is real. Then a magnetic de- 
vice switches on the selection 
buttons. The push buttons 
are connected to more mag- 
netic devices which hold the 
selections you’ve punched. 


Now the selector motor, con- 
taining magnets, is turned 
on. A mechanical ‘‘picker”’ 
runs back and forth, scanning 
all the numbers, until it stops 
at your selection. Another 
magnet-containing motor 
moves the arm which pulls 
the record from its slot and 
places it on the turntable. 
The turntable is driven by 
yet another motor that has 
magnets in it. 


Finally, the tone arm comes 
down. Vibrations are picked 
up and changed to electrical 
signals. These are amplified 
and sent to speakers. There 
are magnets in the speakers 
which actually produce the 
sound by vibrating the air. 


There are unseen magnets 
in very many of the electri- 
cal devices you use. This 


chapter is about those mag- 
nets and how they are re- 
lated to electricity. 





Magnetic fields 


A piece of magnetized iron, 
the bar magnet, can illustrate 
several main properties of all 
magnets. If you hang a bar 
magnet by a string, it tends to 
line up in a certain direction. 
Even if you give it a spin, 
when the magnet comes to 
rest again, it will point the 
same way as before. For this 
reason, we say a magnet has 
poles. 


One end of the suspended 
magnet is always attracted 
toward the north geographic 
pole of the earth. The other 
end, of course, points toward 
the south geographic pole. 
We label the end of the 
magnet that points in a north- 
erly direction the N-pole, or 
north pole. The other end 

of the magnet is, then, the 
S-pole, or south pole. 


Suppose you bring the N-pole 
of a second bar magnet close 
to the S-pole of your sus- 
pended magnet (figure 7:2). 
The S-pole of the suspended 
magnet will move toward the 
N-pole of the second magnet 
in your hand. The N-pole 

of the suspended magnet will 
swing away. Now suppose 
you bring the S-pole of a bar 
magnet close to the S-pole of a 
suspended bar magnet. What 
will happen? 





7:2 Opposite magnetic poles attract eachother. 


7°3 Like magnetic poles repel each other. 


Like every magnet, the earth 
is surrounded by a magnetic 
field. This field is the space 
in which a magnet attracts 
iron objects and in which one 
magnet affects the actions of 
another. For example, the 
north pole of a suspended 
bar magnet does not have 

to touch the earth’s south 
magnetic pole (north geographic 
pole) to swing toward it. In 





the same way, a bar magnet 
will attract iron filings before 
they touch its surface. 


The magnetic field around a 
bar magnet can be located by 
sprinkling iron filings on a 
piece of paper over the magnet 
(figure 7-4). The iron filings 
form a pattern you could 
duplicate with pencil lines on 
another piece of paper. The 
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7-5 Compass needles are magnets. The compasses in these photographs have 
white N-poles and red S-poles. 
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pencil lines would show the 
shape of the invisible magnetic 
field of that magnet. 


There is another way to plot 
the field around a large mag- 
net. The needle in a magnetic 
compass, which is really a 

type of bar magnet suspended 
over the earth, always lines 

up in the north-south direction 
of a magnetic field. So, you 
can use such a compass to plot 
a picture of a magnetic field 
like the one in figure 7:5. The 
picture is a record of the direc- 
tion a compass needle pointed 
as the compass was moved to 
many positions around a large 
magnet. The more places you 
plot, the more detailed will 

be your map of the magnetic 
field. There is no limit to the 
number of lines you could 
draw (if your pencil point were 
thin enough). 


In summary, every magnet has 
a magnetic field around it 
which can be displayed by 
drawing lines of its magnetic 
attraction for iron filings or a 
compass needle. The lines 
show the direction of the mag- 
netic attraction at all positions 
around the magnet. 


Magnets you can turn off 


Magnets that can be turned on As you know, a compass Figure 7-6a shows a Straight 
and off are very useful. You needle will line itself up with section of wire surrounded by 
use this kind of magnet every the magnetic field of the earth compasses on a flat surface. 
time you use a telephone or —but only when no other When the switch is closed, 
press a doorbell. You can read stronger magnetic field is electricity moves through the 
about how these magnets are present. Thus, when acompass _ wire. Study the photos for 
used in ‘Messages by needle points in any other di- the results. What differences 
Wire” on page 172. But first, rection but geographic north, can you find among figures 
let’s look at how magnets can something with a magnetic 7 -Oaa7 OD atid /-6Cr 

be turned on and off. field must be nearby. 


7-6a The switch is open. No electricity moves through the 7-6b The switch is closed, completing the circuit. Note 
wire. Notice the direction of the compass needles. In what that the electricity flows from the negative to the positive 
direction are they pointing? terminal of the battery. Observe the direction of the compass 


needles. 
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lf the battery connections are reversed, the elec- 7-7a_ The switc 
tricity will move around the circuit in the opposite direction. 
How does this change affect the magnetic field? 


Figure 7-7 shows a wire loop 
surrounded by compasses in 
the same way as the straight 
wire in figure 7*6. Compare 
the compasses in figure 7°6 
with those in figure 7°7. How 
does the magnetic field of a 
wire loop differ from that of a 
straight wire? 


The magnetic field inside the 
wire loop is formed from the 


his open, allowing no electricity to move 
through the wire. Notice the direction of the compass 
needles. Why are they all pointing in the same direction? 





magnetic fields of the two sec- 
tions of straight wire. Does 
the loop have a magnetic field 
when there is no current? 
What happens to the magnetic 
field of the wire loop when 
the direction of the current 

is reversed? 


- 





7-76 The switch is closed, making a complete circuit. Note 
the direction of the compass needles. (Remember that the 
electricity moves from the negative to the positive terminal 


of the battery.) 


ies ley OURSELE 4. 

1. What is a magnetic compass? 

2. How can you use a magnetic 
compass to find the N-pole oy 
of a bar magnet? 

3. To which of the earth's 


magnetic poles will the 6. 
S-pole of a suspended bar 
magnet point? 





What happens if you bring 
“‘like’’ magnetic poles near 
one another? 


What happens if you put 
a compass next to a current- 
carrying wire? 


What happens to the needle 
of a compass when you put 
it in the center of a current- 
carrying wire loop? 


Te 


7:7c The battery connections are reversed. The electricity 
moves through the circuit in the opposite direction. How 
does this affect the magnetic field? 





How does reversing the di- 
rection of the current through 
a wire affect a compass next 


to that wire? 
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Frog Legs 
and 
Other Things — 
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Contributions of 
Galvani, Volta, Oersted, 
and Ampere to electricity 


Physics was a very busy science in the early 1700’s. Physicists 
were experimenting with new theories about astronomy and about 
the laws of motion and matter. But only a few physicists were con- 
cerned with electricity. There had been few new discoveries about 
electricity since ancient Greek times. More important, at this time, 
electricity was available only as a static charge. The charge was on 
an amber rod that had been rubbed with fur, or in Leyden jars that 
could be used to collect and store larger amounts of charge (page 
132). This static electricity was very unmanageable, since it could 
only be discharged all at once. It was not very useful, and it was 
likely to cause painful shocks. Many physicists were content to 
stay ignorant about it. 

By the middle of the eighteenth century, electricity had taken on 
a new interest. Ben Franklin, DuFay, and Van Musschenbroek 
were some of the early experimenters (page 131). But there were 
many others. One was an Italian anatomy professor named Luigi 
Galvani (gal va’/ne). Galvani became interested in electricity when 
he saw some lifeless frog legs move as they were touched with a 
metal scalpel. He thought he had discovered an “animal elec- 
tricity” which was the cause of movement in animal muscles. 
It turned out he was wrong, but his idea stirred up a lot of interest. 
In particular, it aroused the curiosity of another Italian who was 
working with static electricity. 


An observant Italian 
In 1780, when he heard of Galvani’s experiment, Alessandro Volta 
was already a well-known physicist. As a child, he had been curious 
about many natural mysteries. When he was sixteen, a friend set 
him up with some simple equipment for physics experiments. 
Two years later he was writing about his experiments to a respected 
French physicist. And by the time he was twenty-four, he wrote 
his first major scholarly paper. In it, he stated that all electrical 
effects were related to an electrical force, similar to the gravitational 
force that governs falling objects. 

When Volta heard about Galvani’s “animal electricity” he was 
very skeptical. Galvani thought that the electricity he saw was 





generated in the frog legs. But Volta was a more careful experi- 
menter. He knew that Galvani had had many kinds of equipment 
and materials on his worktable. Maybe some of the materials, and 
not ‘animal electricity,’’ had caused the frog legs to twitch. 

So Volta started the tedious task of examining these other factors. 
Finally, he found that zinc (like the coating of Galvani’s work- 
table) and iron (like Galvani’s scalpel) would produce an electrical 
current if a suitable conductor is between them. The salty solutions 
contained in the frog legs proved an ideal conductor. 

Thus Volta corrected Galvani’s conclusion. The frog legs twitched 
because they were conducting electricity, not generating it. 


7:8 Volta demonstrating his voltaic 
cell for Napoleon. 











7°9 Early voltaic cells 
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Volta finished his experiments along this line. But he also had 
gotten a new idea. He had found two metals that generated enough 
electricity to power some small animal muscles. Could some com- 
bination of metals be found to generate electricity for bigger jobs? 

He put aside this problem for many years. Then in 1800, Volta 
wrote a letter describing his idea for a battery, an arrangement 
of metal plates to produce a steady source of electricity. 

That same year he built his “voltaic pile.” It was so named be- 
cause he piled on top of each other a copper plate, then a brine- | 
soaked cloth, then a zinc plate, then another brine-soaked cloth, 
and so on. When the two end plates were connected, a steady flow 
of electricity was generated by a chemical reaction of the metals 
and the brine solution. At last physicists had a continuous source 
of electricity for their experiments! 

Volta, who was 55 at the time, did no more basic research. But he 
had made certain that electricity would be available for the work of 
others. In this way, Volta made possible the discovery of the rela- 
tionship between electricity and magnetism. 


A “lucky” Dane 

Hans Christian Oersted (er/sted) never thought of himself as a 
great scientist, and he never wrote bold papers as Volta had. His 
name is in history because he was a careful observer—and because 
he had a bit of good luck. 

He was born in Denmark, the son of an apothecary, a man who 
makes up medicines and simple chemical products. His family 
thought he would follow his father’s profession. But Hans showed 
a bent for physics and also for teaching. So he became a good, if not 
brilliant, physics professor. 

Professor Oersted kept a compass on his desk to demonstrate 
to his students the magnetism of the earth and of magnetic mater- 
ials. He also had a small voltaic pile for experiments with elec- 
tricity. One day in 1819, the compass happened to be directly under 
a wire from the pile. And when Oersted connected the pile in a 
circuit, the compass needle, a magnet, moved. That is all. That was 
the event that made Hans Oersted’s career. 


After class, Oersted pondered what he had observed. He checked 
and rechecked to make sure that the electricity in the wire was 
really what had moved the compass needle. In July of 1820, after 
months of cautious experiment, Oersted wrote a paper on his 
discovery: how an electric current affects magnets. 

Although fame and honors came to him, Oersted continued his 
teaching as before. He left the experimenting to the many assistants 
who came to work for him. It was up to another physicist, hundreds 
of miles away in France, to discover the real importance of Oersted’s 
observation. 


A thinking Frenchman 

André Marie Ampére’s (am/par) biography is almost the opposite 
of Oersted’s life story. He grew up during the stormy years of the 
French Revolution. And when he was 18 years old, Ampere saw 
his father beheaded by the revolutionaries. Ampére’s first wife died 
of tuberculosis, and his second marriage ended unhappily after 
two years. Perhaps because of this turbulent life, Ampere developed 
a passion for order in his work. 

Ampere’s sense of order gave him an idea as soon as he read 
Oersted’s paper. After a few days of intense experimenting, he 
had proven what he suspected. A wire carrying a current not only 
exerts force on a compass needle—it also exerts a force on another 
electrified wire. This discovery was very important to Ampere. 
It showed him that a wire carrying a current generates its own mag- 
netic field. He hurried and published his paper within one week 
of reading Oersted’s paper! 

Later, Ampére worked out a mathematical relationship for this 
“electromagnetic effect.” In it he related the amount of current, 
the length of wire, the force generated, and the direction of the 
magnetic field. This relationship is called Ampeére’s Law. It was 
very important to physicists because it explained a great many 
electrical effects in a very simple form. It also raised a question 
for everyone interested in electricity. Can a magnetic field generate 
an electric current? 
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Many people worked on that question, including Ampere him- 
self. In 1825, after discouraging experiments, he declared it could 
not be done. He was probably just saying that he was getting older, 
and the young physicists would have to take over the quest. 


On a new threshold 

Scientists were now on the threshold of harnessing a new source 
of energy. Three people had led to that threshold, each contributing 
in his own way. 

They had different talents. Volta was the great experimentalist, 
knowing both what to look for and how to look. Oersted used hard 
work and careful observation to prepare his find for the use of 
others. And Ampere was the brilliant analyst. Experimental dis- 
coveries—his own or those of others—were only raw material for 
him. He searched for the basic relationships. 

You may have some of these scientific talents, too. In fact, think 
about that problem of making electricity from magnetism. All you 
have to do is putter around with magnets and wires for a while, 
because that is exactly how it was first done. However, you will 
need to know more before you can putter around effectively. 


7-10 


The dipping needle 7 


You can demonstr. fe a di 
“magic” trick. To make one, you will 
following materials: 


steel needles. oe 
cork or small cae of Styrofoam 
Magnet <3 
water glasses 


PROCEDURE: Carefully push the nogdice through 
the center of the cork or piece of Styrofoam. at. 


right angles to each other as in figure 7:10. a : 
the glasses on a table slightly less than a needle- 


length apart. Rest the ends of the first needle on 


the glasses and balance the second needle so it _ 


is level and pointing north and south. Tell your 
friends that through some magic powers, which 
only you are able to summon up, you. can “shift” 
part of the weight to the sharp end of the needle. 
You then proceed to’ magnetize the balanced 
needle by stroking. it lengthwise in one direction 
with the magnet. 


The north-south needle will now dip a little, as if 
one end were slightly heavier than the other. The 
dipping needle shows that the earth’s magnetic. 
field does not run parallel to the surface of the 
earth. The needle is attracted directly toward the 
earth’s north geographic (south magnetic) pole, 
as it would be if the curving surface of the earth 
was not there. | 


What will happer ‘you reverse Sine conn 
to the battery? | eep this aneruient to 
ee Uues ions chapter o 








What if you coil the wire? 


An interesting thing happens 
when you coil a wire into sev- 
eral loops and connect the 
ends of the wire to a battery 
(figure 7:12). Look at the nee- 
dles of the compasses around 
the coil when a current is 
passing through the wire. 
How do they compare with 
the direction of the compass 
needles placed around a single 
wire loop (figure 7°7, page 
158)? around a bar magnet (fig- 
ure 7:5, page 156)? Which end 
of the coil in figure 7-12 be- 
haves like the N-pole of a bar 
magnet? How do you know 
that? 


You remember that reversing 
the direction of the current 
through a wire loop caused the 
magnetic field to reverse its 
direction. The same thing will 
happen if you reverse the 
direction of the current through 
a wire coil. 


But there is a second way in 
which you can reverse the di- 
rection of the magnetic field 
of a current-carrying coil. The 
coil in figure 7-13a is wound 
in a clockwise direction and 
the coil in figure 7:13b is 
wound in a counterclockwise 
direction. Although the elec- 
tricity is entering at the same 
end of each coil, the compass 
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7-12 











7-12 and 7-13 Compass needles are 
magnets. The compasses in these 
photographs have white N-poles and 
red S-poles. 


Electricity enters the coil from the 
negative terminal of the battery. It 
returns to the positive terminal to 
complete the circuit. 


needles are pointing in oppo- 
site directions. The magnetic 
field of the coil in figure 7-13a 
is therefore in the reverse di- 
rection to the magnetic field 
of the coil in 7:13b, because 
the coil is wound in the oppo- 
site direction. 


The more usual method of re- 
versing a magnetic field in a 
coil, however, is to reverse 
the current. The coil in figure 





7°13c is wound the same way 
as that in 7:13a, but the at- 
tachments to the battery ter- 
minals have been reversed. 
Now compare the coil in 
figure 7:13d to the one in 
7°13b. How are they alike and 
how are they different? 


There is a simple way to find 
which end of a coil of wire 
will act like the N-pole of a 
bar magnet. First you must 


find where the pulses of elec- 
tricity are entering the coil. 
The pulses move from the 
negative terminal of a source 
to the positive terminal. Then 
put your left hand around 

the coil with your fingers bent 
in the direction in which the 
pulses are flowing through the 
wire. Hold your thumb out 
straight. Your thumb will be 
pointing to the end of the 

coil that acts like the N-pole 
of a bar magnet. 


When you coiled the wire, you 
made an electromagnet—a 
current-carrying coil of wire 


‘with a magnetic field similar 


to that of a bar magnet. But 
suppose you open the switch. 
There will be no current 
traveling through the coil 
and, like the wire loop, it will 
have no magnetic field. 
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The strength 
of electromagnets 


You can compare the strength 
of electromagnets in the same 
way as you would compare 
the strength of bar magnets. 
Simply compare the amount 
of weight they will lift. 


Each coilin the photos is wound 
around an iron core. As current 
passes through the coil, the iron 
core becomes magnetic. It thus 
strengthens the electromagnet. 
When the current is off, the coil 
and core have no magnetic field. 






2— core 


——electromagnet 





Look at the electromagnets in 
figures! 7-1477-15, ands7-16: 
How are the magnets in the 
first set different? How does 
the number of coils affect the 
amount of weight an electro- 
magnet can lift? Compare the 
weights lifted by the first elec- 
tromagnet in the first set 
with the weights lifted by the 
electromagnets in the second 
set. They all have the same 
number of coils, but they are 
not lifting the same weight. 





Now compare the electro- 
magnets in the third set. Do 
they lift as much weight as 
the first electromagnet in the 
first set? Which electromagnet 
can lift the most weight? The 
electromagnets in figures 7:14, 
7°15, and 7:16 were strength- 
ened in three ways. All elec- 
tromagnets can be made 
stronger in the same three 
ways. Can you name them? 





7-146 Electromagnet with 700 coils and 2 amps current, 
lifting 6 weights. 


7:14a Electromagnet with 50 co//s and 2 amps current, 
lifting 3 weights. 
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7:15a Electromagnet with 50 coils and 4 amps current, 7-156 Electromagnet with 50 coils and 8 amps current, 
lifting 12 weights i] 


lifting 6 weights. 








: Seat anager Du awa ts =2) 
7-166 Electromagnet with 2 thicker nails as core, 50 coils, | 
and 2 amps current, lifting 12 weights. 





7:16a_ Electromagnet with thicker nail as core, 50 coils, 
and 2 amps current, lifting 6 weights. 


Reversing the process 


Electricity produces magne- 
tism, so magnetism should be 
able to produce electricity. 


If you move a bar magnet into 
a coil of wire attached'to a 
milliammeter (an instrument 
for measuring a 0.001-amp 
current), the milliammeter nee- 
dle will move (figure 7°17). 
Electric current is induced, 

or produced, in the coil of 
wire while the magnet is 
moving. But nothing happens 
when the magnet sits motion- 
less inside the coil. There has 
to be motion between the 
magnet and the coil of wire 

in order for the milliammeter 
needle to move. 


The magnetic field strength is 
different at different points 
around a bar magnet. If you 
thrust a bar magnet into a coil 
of wire, the magnetic field 
strength at points within the 
coil changes as different parts 
of the magnet pass by. If the 
strength of a magnetic field 
inside a coil of wire changes 
rapidly, an electric current is 
induced in the wire. Moving 
either the coil or the bar mag- 
net so that the magnetic field 
strength within the coil 
changes generates an electric 
current through the wires of 
the coil. 
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ESL eYOURSELE 

1. In what ways can you re- 
verse the direction of the 
magnetic field of a current- 
carrying coil? 


2. What happens to an electro- 
magnet when you turn off 
the electricity? 


3. How can you find the 
N-pole of an electromagnet? 


4. Name three ways to make 
an electromagnet stronger. 


5. Which will lift a heavier 
load, an electromagnet with 
50 coils or one with 50 coils 
and an iron core if both 
have the same current? 


6. Which will lift a heavier 
load, an electromagnet with 
50 coils and an 8-amp cur- 
rent or one with 50 coils 
and a 2-amp current? 


7. What happens if you move a 
bar magnet back and forth 
inside a coil of wire? 


aluminum strip 


The telegraph 


You can build a telegraph from 
these materials: 


Corrugated cardboard 

1 aluminum pan from a frozen 
pie or dinner 

2 1-cm (1/2-in) screws (or 

unpainted thumbtacks) 

5-cm (2-in) iron bolts 

nut to fit one of the bolts 

paper clip 

1 1/2-volt D batteries 

10-meter (11-yd) length of 

#20 insulated bell wire 

Masking tape 


PROCEDURE: 1) The key: Cut 
two 22-cm (9-in) by 1-cm (1/2-in) 
strips off the aluminum pan. 
Fold the strips in half. Tape 
together enough 8-cm (3-in) 
square pieces of cardboard to 
make a block 2-cm (3/4-in) 
high. Attach an aluminum strip 
across the block with a small 
screw (figure 7:19). Put 
another small screw into the 
other end of the block so that 
it will be hit when you press 
down on the aluminum strip. 


Gee ak AD 


ON YOUR OWN 


2) The sounder: Fold a 23-cm 
(9-in) by 8-cm (3-in) piece of 
cardboard into a support as 
shown. Gently push one bolt 
through the top of the support 
and one through the bottom. 
Put the nut on the top bolt, so 
that it is even with the free 
end of the bolt. 


Bend the remaining aluminum 
strip into an L. Attach it to 
the side of the support with a 
small screw. Put a paper clip 
on the free end of the strip so 
that it touches the bottom 
bolt. Coil three layers of wire 
around the top bolt to make it 
an electromagnet. 


Wire the key, the sounder, 

and the batteries into a 

circuit as shown. To complete 
the circuit, push the aluminum 
strip on the key against the 
screw. The electromagnet is 
turned on. It pulls the paper 
clip away. from the bolt, break- 
ing the circuit. The electro- 
magnet then turns off. The 
strip falls against the lower 
bolt, completing the circuit 
again. This cycle repeats it- 
self, causing a clicking sound, 
as long as the key Is against 
the screw. 


lf the wires are long enough, 
you can keep the key in one 
room and the sounder and 
batteries in another. And if 

a friend also makes a Set, you 
can exchange messages. 
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Messages 


by 
Wire 
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Users of the principles 
of electromagnetism: 
the telegraph and the 
telephone 


Throughout history, people have always tried to come up with 
better and better ways of communicating over large distances. 
Some of the ways have been quite clever. 

One of the most primitive means of communication involved 
beating on a hollow log with sticks. The resulting sound was car- 
ried through the air to a distant listener who interpreted the beats 
he or she heard. Some South American Indians improved upon 
this form of communication a long time ago. They found that 
sound travels faster and farther through water than through air. 
So they set up sending and receiving stations along rivers. They 
used partly submerged hollow logs both as transmitters (or senders) 
and as receivers. 

In the early “‘civilized’” world, people found a number of ways 
to send written messages: by stagecoach, horseback riders, ships’ 
captains, and runners. In general, however, communication 
methods did not change much until the 1800’s. It was then that 
the telegraph was invented. 


The clicker 

In the 1830’s Joseph Henry, an American, was experimenting with 
the lifting and pulling effects of electromagnets. He used a setup 
like the one in figure 7:20. When Henry closed the switch, the 
electromagnet attracted the movable iron bar, which pulled against 
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the spring and struck the gong. What Henry really had before him 
was an electric bell. But it had all the parts necessary for a practical 7-21 Early Morse commercial tele- 


pam iniennons system. graph. This telegraph wrote out code on | 


ae, : ; a moving strip of paper. When the bar i 
In 1839, Samuel F. B. Morse, a brilliant American painter, used holding the stylus was attracted by the | 
the basic parts of Henry’s electric bell in his invention, the tele- electromagnet, the stylus rose and 


graph. It’s the telegraph receiver that is very similar to the electric WEI TUEU IONE Sea RUIN 
was released, the stylus fell away from wn 


bell. the paper. 
The person sending a telegraph message clicks a small, hand- 


operated electric switch called a key. When he lowers the key, he | 
completes an electrical path between the transmitter, the receiver, 
and the power source (figure 7°21). At the receiving end, there are 
two electromagnets. When the circuit is closed (by the key), these 
electromagnets pull a spring-held striker against a sounding block. 
You can then hear a click. When the telegrapher releases the key, 
the circuit is broken and the striker is released at the receiving end. 
This produces a click of a slightly different pitch. The strike-sound 
is a “click.” The release-sound is more of a “ka.”’ Thus, a telegraph 
message consists of combinations of clicks, sort of a click-ka.... 
click-ka. . . .click-ka. The dots and dashes of telegraph codes are 
determined by the relative lengths of time between the “click” 
and the ‘’ka.” 

Each telegraph station has a key and a sounder. Each key is con- 
nected so that it can close and open the electrical paths to sounders 
in distant stations. 
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7:22 Early Bell telephones 


Sending words and music by wire 
When the telegraph was invented it was a big step forward in com- 
munication. But, as you know, much more was to come. 

We all think of the telephone today as a very common thing. But 
it wasn’t always. When Alexander Graham Bell invented it in 1876, 
most people didn’t even realize its value. 

The basic parts of the telephone haven’t changed much from 
those early days. Here’s how Bell’s model worked: 

His telephone had a thin flexible metal disk attached to an iron 
rod near an electromagnet. Such a flexible disk is called a dia- 
phragm. When Bell or his assistant spoke into their telephone, the 
diaphragm vibrated. This vibration moved the iron rod, causing 
tiny voltage changes in the electromagnet. These voltage changes 
were transmitted through a current-carrying wire to the receiver. 

















carbon granules 






diaphragm 













electromagnet 


diaphragm 
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The receiver was just like the transmitter. But there, the process was 
reversed. The voltage changes made the diaphragm of the receiver 
vibrate. The diaphragm vibrations set up vibrations in the air. 
These vibrations were an approximate reproduction of the sounds 
spoken into the transmitter, similar enough so that one could 
usually identify the person speaking. 

In the modern telephone there is a plastic diaphragm instead 
of a metal one. This plastic diaphragm is placed against packed 
grains of carbon instead of an iron rod. The speaker’s voice causes 
the diaphragm alternately to compress and loosen the carbon grains 
behind it. This allows varying amounts of current to flow through 
the circuit between the transmitter and the receiver. Thus, the elec- 
tromagnet at the receiving end vibrates in tune with the sounds 
formed miles away, at the other end of the wire. The diaphragm, 
vibrating with the electromagnet, sends the vibrations into the air. 
And what the listener hears sounds very much like the speaker's 
voice. 
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7:24 Modern telephone 
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Vacuum tubes and transistors: 
mainstays of modern 
communications 


Oops! 

In his early experiments with the electric light bulb, Thomas 
Edison made a discovery which he could not explain. Inside one of 
his light bulbs, he had sealed a metal plate near the filament. He 
connected the metal plate, through an ammeter, to the positive 
terminal of a battery (figure 7-25). He then closed the circuit to 
which the bulb’s filament was connected. As the filament heated 
up, the ammeter needle moved. This movement showed that elec- 
tricity was flowing from the heated filament to the metal plate. But 
the metal plate and the filament were not touching, and inside the 
bulb was a vacuum. Somehow an electric current was flowing from 
the filament to the metal plate across a vacuum! Edison recorded 
these observations in his notebook. But he continued his light- 
bulb experiments without trying to explain them. 
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An explanation 

These observations, which became known as the ‘Edison effect,”’ 
intrigued other scientists and inventors. Fourteen years later, in 
1897, Sir J. J. Thomson made a discovery which could be used to 
explain the Edison effect. Thomson had found evidence for the 
existence of tiny negatively charged particles of matter which we 
call electrons. In the Edison effect, electrons escape from a bulb’s 
filament as it is heated. The metal plate attached to the positive 
terminal of a battery is nearby. Since the electrons have a negative 
charge and can move through a vacuum, they are attracted to the 
metal plate. This completes a circuit, and the ammeter (connected 
to the plate) shows an electric current. 


Putting it to work 

In 1904, Ambrose Fleming, an Englishman, was experimenting with 
some of Edison’s bulbs that had the extra metal plate inside. First 
he repeated Edison’s experiment. He also found that current would 
flow from a heated, negative filament to a plate attached to the posi- 
tive terminal of a battery (figure 7-26a). Then he reversed the di- 
rection of the current. He attached the plate to the negative terminal 
of several batteries (figure 7:26b). He found that no electricity will 
flow from the filament to the plate when it is attached in that way. 
And because the plate is not heated, no electrons will flow from the 
plate to the filament. In this situation, the bulb acts like an open 
circuit. 

The heated filament and plate in a vacuum bulb which allows 
electricity to flow in only one direction was called ‘Fleming's 
valve.”” Today it is known as a vacuum tube. Because this type of 
vacuum tube contains two main electrodes (or terminals) itis known 
as a diode (di- meaning two). Older radio and television sets, tape 
and record players, calculators, and computers rely upon diodes to 
allow electricity to pass through certain branches of their circuits 
in only one direction. 
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7:26a Diode with current flowing from 
heated negative filament to plate 
attached to positive terminal of battery. 


7:26b Diode in which no current is 
flowing from filament to plate since 
plate is attached to negative terminal 
of battery. 
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Another invention 

The “Electronic Age” began in 1906 when the American physicist 
Lee DeForest added a third electrode to Fleming’s diode. The third 
electrode was a piece of wire screen between the filament and the 
plate. DeForest called the third electrode a grid. The whole inven- 
tion was called a triode. 

The grid in the triode allows a very delicate control of the flow 
of electrons. When the grid has no charge, the electron-losing fila- 
ment and the electron-gaining plate work as they would in a diode. 
When the grid is much more negative than the filament, it repels 
all of the electrons from the electron-losing filament (figure 7-27a). 
So no electric current flows through the plate-filament circuit. 
When the grid is slightly more negative than the filament, it repels 
some of the electrons from the heated electron-losing filament. 
In this case, a small electric current flows through the plate-filament 
circuit. In the rare instances when the grid is positive with re- 
spect to the filament, it helps the plate pull electrons from the 
electron-losing filament. A larger current flows through the plate- 
filament circuit than in any of the other cases (figure 7°27b). Scien- 
tists did not realize the importance of DeForest’s triode imme- 
diately. But DeForest did. He suggested that his triode would 
make it possible to transmit the human voice across the Atlantic 
Ocean in a few years. He was publicly accused of being “absurd 
and deliberately misleading.”” Of course, he was falsely accused. 
The development of the radio and television depended on the 
triode. (See the essay on ‘Signals Without Wires.’’) The develop- 
ment of many other electric devices also depended on triodes and 
the more complex vacuum tubes that came later. 


EAS) 















































7:27a_ Triode with no current flowing in the plate-filament circuit. 





7:276  Triode with current flowing through the plate- 
filament circuit. 























7:28a Semiconductor diode with current flowing across 
the p-n junction. 
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7:28b6 Semiconductor diode with attachments to the power 


source reversed. No current is flowing across the p-n junction. 


A better way 

Vacuum tubes get hot because the filament must be heated to 
produce the Edison effect. You might have noticed the red glow of 
vacuum-tube filaments when they are in operation. Many vacuum 
tubes, such as the ones used in some computers, must be operated 
in air-conditioned rooms. 

The loss of electrical energy in the form of heat and the need for 
special cooling devices make vacuum tubes expensive to operate. 
Now there is a solution to this problem. Small crystals are made 
which work much like vacuum tubes. The tiny artificial crystals 
are called semiconductors. There are semiconductor diodes and tri- 
odes. They are used in all electronic devices that carry the label 
solid state. 

Semiconductors conduct electricity because of the unique prop- 
erties of the crystalline solids which are used to make them. When 
a very small amount of one type of impurity is added to the crystal, 
it has the effect of adding excess electrons to the crystal. When a 
very small amount of a second type of impurity is added to the 
same, pure crystal, it has the reverse effect of making the crystal 
“electron-poor.” A semiconductor diode is made up of a pure 
crystal wafer, half of which has been treated to make it ‘’electron- 
rich” while the other half has been treated to make it “electron- 
poor.” The “electron-rich” half of the wafer is called an n-type 
(or negative) semiconductor. The “electron-poor” half is called a 
p-type (or positive). The sharply defined border between the two 
halves of the wafer is called a p-n junction (figure 7°28). 

You can send a current through a semiconductor diode in only 
one direction. The n-type wafer half should be attached to the nega- 
tive pole of a power source. The p-type half should be attached to 
the positive pole (figure 7-28a). Electrons from the power source 
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7°29 Semiconductor triode or tran- 
sistor 
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enter the n-type half of the wafer. The p-type half attracts the elec- 
trons from the n-type half. Thus a current flows across the p-n 
junction, always from n to p. When the attachments to the power 
source are reversed, as in figure 7-28b, the p-type half of the wafer 
receives electrons from the power source. It becomes negative and 
repels the electrons in the n-type half. So almost no current flows 
across the p-n junction. 

The transistor, or semiconductor triode, is a crystal sandwich 
made up of a p-type crystal wafer between two n-type crystal wafers 
(n-p-n). Or it could also have an n-type crystal wafer between two 
p-type wafers (figure 7-29). In each kind of transistor, one of the 
outer wafers (either n-type or p-type) is connected to the negative 
terminal of a power source and becomes the emitter, or electron 
sender. The other outer wafer is positively charged and becomes the 
electron collector. The center wafer (or base) acts like the grid of 
a vacuum tube. The base receives changing current from another 
power source, such as a radio receiving antenna. The changing cur- 
rent in the base controls the flow of current through the collector- 
emitter circuit. 

Semiconductor transistors and diodes have improved the effi- 
ciency of many things such as radios, television, and computers. 
Because of semiconductors, many of these things can also be made 
much more compact and cooler operating. 





Signals 
Without 
Wires 


The principles of 
radio and television 


Scientists in the late 1800’s learned how to make an electric cur- 
rent flow back and forth through a circuit many times per second. 
Heinrich Hertz in Germany found that when he sent the rapidly 
alternating current into an antenna which consists of little more 
than a long bare wire, the antenna gave off radio waves (radiant 
energy of very long wavelength that cannot be detected by the 
human eye). Hertz detected these waves with another antenna. 

At the turn of the century a young Italian named Guglielmo 
(git lyel’m6) Marconi (mar k0/né) invented a more powerful elec- 
trical system than Hertz’s. Marconi could send Morse code messages 
without wires. He connected a telegraph key into the sending part 
of his system. A sending operator used the electric contact key to 
open and close the circuit. When he closed the key, a spark jumped 
an air gap of about one millimeter between two metal balls. The 
radio signal was produced by the spark as it jumped the gap. And 
the radio operators at the receiving end heard intermittent long and 
short sounds over earphones (small diaphragms made to vibrate 
by electromagnets). It did not take long for this means of communi- 
cation to be used widely over the Atlantic Ocean shipping lanes, 
and between the United States and Europe. 


Voice and music without wires 
Can you imagine the surprise of shipboard radio operators on 
Christmas Eve, 1906, when they heard music? Although they were 
not far out to sea, they had expected only code messages. But the 
radio operators were hearing music broadcast from Professor Regi- 
nald Fessenden’s radio laboratory over 1.6 kilometers away. 

Fessenden used a microphone to change sound vibrations into 
an electric current similar to that in the telephone. He then mixed 
this sound current with the radio transmission current. The re- 
ceiving antennas changed the radio signals back into electrical 
current which was converted back into the original sounds in the 
earphones of the radio operators. 

Until DeForest invented the vacuum triode in 1907, the human 
voice could be sent only a short distance. The signal became weaker 
as it moved away from the transmitter. A series of triodes was 


183 





(pe oy 





———s 

























RADIO 


A.The announcer’s 
voice causes the 
microphone mem- 
brane and the mov- 
able magnet behind 
it to vibrate. The 
magnet sets up a 
small vibrating 
electrical current in 
the coil surround- 
ing it. More electri- 
cal energy is added 
to this current. 





a 
















C.A satellite picks up the radio sig- 
nal and beams it to another dis- 
tant station on earth. 


B.The strengthened current is then combined with 
the station’s transmission current. This is a strong 
current which changes direction, or alternates, 
over 500,000 times per second, 


The combined current moves back and forth in the 
transmitting antenna at the speed of the transmis- 
sion current. This motion sends out radio signals 
in all directions. 





used to amplify (or strengthen) weak current from the antenna re- 
ceiving the weak signal. In this way, very distant signals could be 
detected and understood. The invention of more complex vacuum 
tubes and of semiconductors has helped to advance worldwide 


radio communication. 


Pictures through the air 

Although it did not become commercially available until much later, 
television was really not far behind radio. V. K. Zworykin, an 
American physicist, patented the iconoscope, one of the first 
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D he station receiving the radio signal separates the message-carrying 
irrent from the original transmission current. It then combines the 
essage-carrying current with its own ge esron current, and sends 
out.the new radio sion Ee 


F.In the speaker, a movable coil is 
attached to the small end ofa stiff 
paper cone. A permanent magnet 
is anchored in the center of the 
coil. The vibrating electrical cur- 
rent from the radio signal causes 
the coil to vibrate, which causes 
the cone to vibrate. This vibration 
sets up vibrations in the air. These 
we detect as sound. 





E.yYour home or Car radio anten- 
na picks up the signal. The cir- 
cuits in the radio separate the 
message-carrying current from 
the transmission current. The 
vibrating electrical message- 
- earrying current travels to the 
_ Speaker. 


















television camera tubes, in 1923. Later, both the National Broad- 
casting Company (NBC) and the Columbia Broadcasting System 
(CBS) operated experimental television stations in New York City 
in 1930 and 1931. Regular television service was introduced in 1939, 
although television as you know it did not exist until after World 
War II. 

The vacuum tubes in your television set are diodes, triodes, and 
modified versions of these tubes. They change the signals that 
enter the TV set to currents that can be converted by the picture 
tube and the speakers into sounds and visual images. 
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TELEVISION [D. After the “video” pulses leave the TV camera, they are combined with 
the station’s transmission current. This is a strong electrical current 
which moves back and forth over 100 million times a second, at a dif- 
ferent speed for each TV station. 








BROADCAST EQUIPMENT 


carbon-arc lights 


A. High-intensity light from car- 
bon-arc lamps is reflected from 
the television actors into the 
TV camera lens. 





B.The lens focuses images of 
the actors onto a light-sen- 
sitive surface. This surface 
is similar to the photocell 
surface in a light meter. 


| Fl 


C.The bright areas of the image cause strong electri- 
cal pulses to flow from the light-sensitive surface to 
the ‘‘target’” surface of the TV camera tube. The 
dimmer areas cause weaker pulses. 


A beam of electrons from an electron gun sweeps 
back and forth across the target surface. The entire 
target surface is hit by incoming electrons in 525 
sweeps every 1/30th of a second. The electron beam 
strengthens the varying electrical pulses represen- 
ting the original scene. 


The strengthened electrical pulses bounce off the 


target surface. They are turned into an electrical 
current, sometimes referred to as “video”’ pulses. 
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E.The combined current changes direction in the 
transmitting antenna at the speed of the transmis- 
sion current. This alternating current causes tele- 
vision signals to be sent out in all directions. 


F. The television signals are detected by a special TV 
antenna connected to your TV set. The circuits in 
your TV set separate the ‘“‘video”’ pulses from the 
transmission current. An electron gun in the back 
of the TV set’s large picture tube sweeps a beam 
of electrons over the TV screen. 













TV signals 


receiving antenna 








transmitting antenna 


G. The “video” pulses determine the number of elec- 
trons hitting each part of the screen per second. 
Strong pulses cause a large number of electrons to 
strike the screen. Small pulses cause fewer elec- 
trons. When the electrons strike the special coat- 
ing on the screen, it glows. 





The more electrons a certain spot receives, the 
more brightly it glows. The electron beam sweeps 
over the entire screen 30 times each second and 
our eyes see the same action picture transmitted by 
the TV camera. 
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Chapter 8: The Whirring of Motors 
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You come home after a busy 
day at school, raid the refrig- 
erator, and put a record on 
the turntable. After kicking 
off your shoes and turning 
up the volume, you’re ready 
to snack and listen to your 
favorite group. 


Have you ever wondered 
what makes the turntable 
turn? Or, how about motion 
in other electrical appliances 
in your home? How does 
electricity cause motion in 

a washing machine, an 
electric fan, or an electric 
shaver? 


Electromagnetism is used to 
change electrical energy to 
the energy of motion in these 
and countless other elec- 
trically operated devices. 





Electromagnetism put to use 


How can electromagnetism 
produce rotating motion? As- 
sume that the electromagnet 
in figure 8-2 is placed on a 
pivot and allowed to rotate 
freely. You know that an elec- 
tromagnet has a magnetic field 
similar to a bar magnet. Would 
this pivoting electromagnet 
act as a compass and line up 
with the earth’s magnetic 
field? 


What would happen if you 
placed it between two per- 
manent magnetic poles (figure 
8-3)? Suppose you attached 

a spring to the electromagnet 
as in figure 8-4a. Which way 
will the electromagnet turn? 
How might the spring affect 
the electromagnet’s motion? 
If you increase the current 
through the electromagnet 
you will make the electro- 
magnet stronger. In such a 
case, how will the spring 
holding the electromagnet 

be affected? 


If you attach a pointer to the 
electromagnet as in figure 8-4b, 
you will have a meter. Such a 
meter can be used to measure 
the current in a circuit. See if 
you can figure out how. 




































spring 
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Keep it turning 


You have seen how an electro- 
magnet mounted on a pivot 
between two permanent mag- 
netic poles can be used as a 
meter. In figure 8-5 you can 
see what will happen if the 
spring holding the electro- 
magnet in the meter is re- 
moved. You have here the 
main part of an electric motor. 
You'll find a fancier version 
of this kind of motor in every 
kind of home appliance that 
involves rotating motion: elec- 
tric drills, phonographs, food ° 
blenders, and sewing 
machines. 


You can make the electromag- 
net in figure 8°5 turn contin- 
uously in one direction by re- 
versing the poles of the 
electromagnet each time it 
reaches the positions in fig- 
ure 8:5c and 8°5g. One way 
you might reverse the poles 
of the revolving electromagnet 
is by reversing the direction 
of the current through the 
coil. 


It is not very practical to re- 
verse the battery connections 
to the coil every half turn of 
the revolving electromagnet. 
You could not move rapidly 
enough or give enough atten- 
tion to moving the connections 
at exactly the right instant. 

Of course you might connect 
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8:5a The electromagnet is between 
permanent magnetic poles. The like 
poles of the permanent magnets and the 
electromagnet are near each other. The 
circuit is open. In which direction would 
the above rotating electromagnet tend 
to turn when the circuit is closed? 


8-5b The electromagnet is now per- 
pendicular to the permanent magnetic 
poles. In which direction will it tend 

to turn? 














| 
8-5c Because of its motion, the elec- 
tromagnet may turn a little past the 

poles of the permanent magnets. Now 
which way will the electromagnet 

tend to turn? 














8-5d Reversing the direction of the 
Current in its coil will reverse the poles 
of an electromagnet. When the wires 
from the coil are untangled and re- 
attached to the battery as above, which 
will be the N-pole of the electromagnet? 
Now which way will the electromagnet 
tend to turn? 








7 N 
ade 











8-6 


insulated handle 





REVERSING SWITCH 





8-5e The electromagnet is now per- 
pendicular to the permanent poles 
again. Note the direction of the current 
through the coil. In which direction 
would the rotor now tend to turn? 


the ends of the coil to a re- 
versing switch. Then you 
would have to move the 
switch only when the revolving 
electromagnet reached the 
right point in its rotation. But 














8-5f Would the above electromagnet 


tend to continue turning in the same 
direction as it is now going? 











you might still have trouble 
moving rapidly enough. 


You need a means of reversing 
the poles of the revolving 
electromagnet every half turn 
without twisting the con- 
nections from the battery to 
the coil. It would help to have 
a switch that rotated with the 
electromagnet so that the 
wires would not become 








same direction? 


twisted. 
8:-5g The electiomagnet has again 
turned a little past the poles of the The invention of the split- 
permanent magnets. What would you ring commutator provided a 
have to do to make it keep turning in the switch that would turn on the 


same pivot as the revolving 
electromagnet. The split-ring 
commutator consists of two 
halves of a copper ring 
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mounted on an axle so that 
they do not touch each other. 
The two halves of the ring 
are attached to the two ends 
of the wire coil (figure 8-7). 


Pieces of a conductor are 
mounted to the frame, one on 
each side of the commutator. 
These pieces are called brushes 
because they remain in place 
and brush against the split- 
ring commutator as it rotates. 
Wires from the battery are at- 
tached to the brushes. In this 


way current is delivered to 
the rotating coil without the 
wires’ becoming tangled. 


With a complete circuit, cur- 
rent flows from the battery to 
a brush, to one half of the 
commutator in contact with 
that brush. It continues through 
the revolving electromagnet to 
the other half of the commu- 
tator, to the brush touching 
that half, and back to the 
battery. Thus, each half of the 





field magnet 


split-ring 
commutator 


















8:7 Notice that the armature rotates between opposite poles of two other magnets. 
These magnets are called field magnets. 
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commutator is in contact with 
a different terminal of the 
electricity source every half 
turn. And the halves of the 
commutator are attached so 
that the current through the 
coil is reversed at the proper 
moment. The revolving electro- 
magnet continues turning and 
you have an electric motor. 


Motor energy 

When you turn on an electric 
motor, the current passes 
through the revolving elec- 
tromagnet. This electromagnet 
is called the armature. If you 
connect an ammeter between . 
the current source and the 
armature, you can measure the 
amps passing through the 
armature. In a similar way, a 
voltmeter connected with one 
wire on each side of the arma- 
ture can tell you the volts 
used by the armature. And 

by simply multiplying volts 
times amps, you can find the 
electrical power of the motor 
in watts. 


TESTAVOURS Ei 

1. Describe how an electro- 
magnet is used to measure 
electric current. 


2. Name the parts of a work- 
ing electric motor and ex- 
plain the function of each 
part. 


What if you had a horse? 


The motor in figure 8°8 is 
using 12 volts. The ammeter 
shows a current of 1 amp 
passing through the circuit. 
How much energy per second 
(or power in watts) is the 
motor using? 


A motor large enough to lift a 
passenger elevator would 

use much more energy per 
second. An apartment-building 
elevator is connected to a 
200-volt power source. It will 
lift a given weight to the 
sixth floor in two minutes 
with a 15-amp current. The 
motor will be using energy at 
a rate of 200 volts x 15 amps 
= 3000 watts. 


Before the invention of the 
elevator, horses were used to 
lift objects by means of a rope 
and pulley. It might have taken 
four average-sized horses to 
lift the apartment-building 
elevator to the sixth floor in 
two minutes. The electric 
motor used to lift the elevator 
might be marked either 3000 
watts or four horsepower. As 
with many other measure- 
ments from the past, the unit 
horsepower is still with us. So 
today, either watts or horse- 
power are used to show the 
rate at which a motor uses 
energy. 


Household appliances run by 
electric motors use electrical 
energy at a variety of rates. In 
some variable-speed appli- 
ances, such as the electric 
blender or the electric drill, 
the rate at which energy is used 
depends on the speed at which 
the motor is run. Some com- 
mon appliances and the rates 
at which they use energy are 
listed in Table 1. 


Table 1 






APPLIANCE | WAT 
Coffee Pot | 92 
Drill 

Lawn Mower | 
Typewriter | 
Waffle Iron 
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Generating electricity 


Batteries are not the only pro- 
ducers or generators of an elec- 
tric current. Earlier, in Chap- 
ter 7, you learned that you 
could use a permanent magnet 
to generate an electric current 
in a coil of wire. At that time, 
you moved the magnet, and a 
current flowed through a sta- 
tionary coil. But you can gen- 
erate a current just as easily if 
you rotate a coil between two 
permanent magnetic poles. 





As you know, a motor has an 
electromagnet that rotates be- 
tween two or more permanent 
magnets. But you could rotate 
the electromagnet by hand 
while the brushes are attached 
to an ammeter instead of a 
battery. 


As the coil rotates in the mag- 
netic field between two sta- 
tionary permanent magnets, 
the field strength within the 
coil changes. The field within 
the coil is at maximum strength 


8:9a 


when the coil is in the posi- 
tion shown in figure 8°9a. The 
field within the coil is at min- 
imum strength when the coil 
is in the position shown in 
figure 8-9b. 


Thus the more rapidly the 
rotating coil is spun in the 
magnetic field, the more 
rapidly the magnetic field 
within the coil changes, and 
the greater is the amount of 
electricity generated. The motor 
becomes an electric generator 


8-9b 


and can supply electrical en- 
ergy for other electricity users. 


ithetaster you turm the elec- 
tromagnet (armature) of the 
generator in figure 8:10, the 
brighter the bulb will burn. 
From this evidence, how do 
you think the speed of the 
armature is related to how 
much energy per second 
(watts) a generator will pro- 
duce? Fifty volts are being 
supplied by the generator and 
0.15 amps are being sent 


8-10 


Table 2 


through the filament of the 
lamp. You can use these to 
calculate how much energy 
per second the generator is 
producing. 


Now suppose your friends 
each take a turn at cranking 
the armature of the generator 
in figure 8-10. You can easily 
find out which student turns 
the crank the fastest. The am- 
meter and voltmeter readings 
for three students are given 
in table 2. How much energy 














Charges | Energy 
per per 
Second Second 










? watts 
? watts 
2 watts 


per second did each student 
generate? 






The current generated by the 
students is direct current. That 
is, it flows in one direction 
only. It can not be used by 
most American appliances, 
which are designed to use al- 
ternating current, the kind 
supplied by the outlets in your 
home or school. If you're in- 
terested in how this kind of 
electricity gets to your home 
and school, read ‘““What’s Be- 
hind that Electrical Outlet in 
the Wall?” on page 197. Then 
you might like to read some of 
the unusual history of the 
electric motor and generator 
in “Who Invented the Electric 
Motor?” 


TEST AY OUR SEE 
1. Define the unit of measure- 
ment ‘horsepower.’ 


2. Describe how to operate an 


electric motor so that it be- 
comes an electric generator. 


3. If you increase the speed of 


its armature, how will you 
change the amount of power 
put out by a generator? 
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ON YOUR OWN 


__string 


- magnet ~~ batteries 
Motor-action demonstration _ 


You can demonstrate simple motor action with 
these inexpensive materials: 


horseshoe magnet 
1 1/2-volt D batteries 
5-meter (5 1/2-yd) length #24 insulated oo 
per magnet wire 
5-cm (2-in) iron nail 
String 


PROCEDURE: Wind at least 100 turns of wire — 
around the nail, leaving a 25-cm (10-in) length — 


of wire at each end. Tie a length of string around ~ 


the center of the coil. Suspend the coil by the 
string so that it is hanging between the poles of a 
horseshoe magnet as in the illustration. Connect 
the two batteries in series. 


The coil should be hanging so that it is free to 
turn. Now close the connections between the coil 
and the batteries, and observe. Reverse the con- 
nections to the batteries and observe again. You 
have demonstrated motor action. 


ON YOUR OWN 


Simple generator 


You can generate a measurable current with 


these materials: 


1 bar magnet 

1 tube from a roll of wrapping paper or alumi- 
num foil 

Simple compass galvanoscope (page 465) 


20 meters (22 yds) #20 insulated copper wire 


PROCEDURE: Wind about 50 turns of wire 
tightly around the paper tube. You may have to 
tape it down to keep the wire from coming off. 
Connect the ends of the wire to the 5s 
scope. 


Move a bar magnet in and out of the tube. The — 


needle on the galvanoscope will move when there — 
is a current running through the wire. Notice 
when the needle moves. Vary the speed at which 
you move the magnet in and out of the coil and — 


~ notice what happens to the needle. Let the mag- 


net stay in the wire and note the needle. move- 
ment. : 


If you have enough ae wind _ : 


current produced « as you chenea th | 


the magnet and the number oF turn: 








What’s Behind 
that 

Electrical 
Outlet 

in the Wall? 


8:13 The “straight” or uncoiled wire 
is being moved in the direction in which 
the arrow is pointing. 


Alternating current from 
its source to the home 


You don’t need an electric-motor-changed-to-a-generator (page 194) 
to produce an electric current. You can produce an electric current 
by moving a permanent magnet in and out of a coil of wire. The 
direction of the current depends on which pole of the magnet you 
put into the coil and on whether the magnet is entering or leaving 
the coil. You can find the relationship between the magnetic pole, 
the direction of the motion, and the direction of the current flow 
in the coil. (See the activity on the previous page.) 


An electromagnet and another coil 
Instead of a permanent magnet, you can also use an electromagnet 
to generate an electric current in a coil. You can move a smaller- 
diameter electromagnet in and out of a larger-diameter coil. The 
current will again be generated in the larger coil. But remember 
that this larger coil must be part of a closed circuit, different from 
the closed circuit of the smaller coil. If you want to see how much 
current is being produced you can include a meter in the circuit 
of the larger coil. The current moves in one direction as the elec- 
tromagnet enters the coil and in the opposite direction as it leaves. 
To understand how a current can be produced in a coil of wire, 
let’s take a look at how it can be produced in a straight wire which 
is part of a closed circuit. If you move the straight wire in a mag- 
netic field, as in figure 8°13a, no electric current will flow in the 
wire. If you move the same straight wire in the same magnetic 








8-13a 8-13b 
——— 
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field, as in figure 8-13b, an electric current is made to flow in the 
wire in one direction. The current will be made to flow in the wire 
in the opposite direction if you move the straight wire through 
the magnetic field in the opposite direction. 

Now suppose you make a single loop from that straight wire 
which is part of a closed circuit. When you rotate the single loop 
of wire in a magnetic field, you will again produce a current in the 
loop. But no current will flow in the wire when the parts of the loop 
are moving in the magnetic field as in figure 8:14a. When the parts 
of the rotating wire loop are moving as in figure 8°14b, a current is 
made to flow around the entire loop in one direction. Rotating the 











8-14a 





























8-14c 8-14d 
= 
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loop one-half rotation to where its parts are again moving across 
the magnetic field will produce a current in the opposite direction 
(figure 8°14d). 

To increase the amount of electricity generated, you can wrap 
an insulated wire many times around a soft iron rod. As you rotate 
this coil between the opposite poles of a permanent magnet or two 
other electromagnets you are using the basic parts of an alter- 
nating-current generator. The alternating-current generator in 
figure 8-15a is similar in design to the massive generators used to 
provide electric power for our homes, schools, and industry. Notice 
that it does not have a split-ring commutator as did the motor- 
changed-to-generator that you studied earlier. So, in a way, it 
is more simple than a direct-current generator. 





field magnet 





solid-ring commutator 











8-15a 


8-15b 


brush 





split-ring 


commutator 
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8-16 Steam is directed by the sta- 
tionary blades of the turbine so that it 
pushes against the rotating blades, 


causing them to turn. 


Power plants 

As you probably remember, the electrical energy per second sup- 
plied by power sources is measured in watts. One thousand watts 
is called a kilowatt. Tens of millions of kilowatts are supplied by 
power plants around the world. There are three main kinds of 
power plants presently in use. 

One type of power plant burns coal to produce electrical energy. 
The coal is burned to produce superheated steam. The steam, under 
pressure, turns large turbines connected to alternating-current 
generators. 

Falling water is also used to produce electrical energy. Many 
large dams throughout the world generate electricity by sending 
water through the turbines as it passes from the top of the dam to 
the river below. 








blades attached 


to wall of turbine 











blades attached to 
rotating center part of turbine 
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A growing number of nuclear power plants are also being built 
to produce electricity. The extreme heat of the nuclear reactions in 
the core of the reactor is used to change water into superheated 
steam. As in the power plants which use coal, this superheated 
steam drives large turbines connected to alternating-current gen- 
erators. All steam turbine plants require a large supply of cooling 
water to condense the used steam. Nuclear plants need even more 
cooling water than coal-burning or gas-burning power plants 
because additional water is needed to cool the nuclear reactor. 


From the power plant to you 

Except for the coal-burning ones, most power plants are usually 
far from the communities which they serve. So the electrical power 
(kilowatts) produced must be sent through wires to where it is 
needed. The generators in these power plants produce electrical 
energy in the form of high-amperage, low-voltage electricity. This 
situation creates a problem because the more amps that move down 
a wire over a long distance, the more electrical energy is lost as 
heat energy along the way. There is a solution to this problem. The 
same amount of electrical power can be efficiently transported 
over the long-distance wires if the electrical energy is changed in 
form. The amperage can be decreased as the voltage is increased. 
This change is made with a device called a transformer. 

Two wire coils, each part of a different closed circuit, are the 
basic parts of a transformer. The alternating current from the gen- 
erators is connected to one of the coils. Around this first coil, the 
current sets up a magnetic field which keeps increasing and de- 
creasing as the current alternates. The second coil is inside or 
alongside the first one. The changing magnetic field in the first 
coil produces a changing, or alternating, current in the second coil 
(figure 8-17) just as it would if you moved the first coil in and out 
of the second coil. 

The voltage produced in the second coil will be the same as that 
in the first coil if the number of loops in both coils is the same. 
If there are fewer loops in the first coil than in the second coil, 
the voltage will be higher in the second coil. And the voltage will 





step-down transformer 






240 volts 


120 volts 


8:17a 








equivalent transformer 
= 







120 volts 


120 volts 


8-17b 











step-up transformer 


120 volts 





8-17c 
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be lower in the second coil if the first coil has more loops than 
the second coil. 

Very little power is lost as the electric energy travels from the 
first coil to the second coil. When the voltage increases from one 
coil to the other, the amperage must decrease since the total wattage 
remains the same. Or when the voltage decreases from one coil to 
the other, the amperage must increase. | 

Electrical power at a power plant is sent through “step-up” | 
transformers. These produce higher voltage and lower amperage 
in the second coil. Electrical power transmitted at high voltage : 
and low amperage loses little of its energy during long-distance : 


138,000 volts 
449 amps 












4,400 volt 


If a power plant produces 200,000 kilo- 
watts of electrical power at 14,400 volts, 
then the current is approximately 13,900 
amps. 


The step-up transformer raises the voltage 
for transmission across the country. 
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Voltages sent across the country on high-voltage and low- 
amperage transmission lines usually vary from 138,000 to 
345,000 volts. Extra high voltage lines carry 765,000 volts and 
connect large power systems with each other. 


High-voltage and low-amperage transmission lines bring the 
electrical power with little loss to the step-down transformer 
substation near your city or town. 


transmission over wires. But high voltage current is very dangerous 
and it is not as useful in household circuits. So the electricity is 
sent through some “step-down” transformers before it enters 
homes and offices. A group of these transformers is arranged so 


that each of them takes only part of the energy from the high- 
voltage transmission wire. They produce a lower voltage and a 


higher amperage in the second coils. 





The substation lowers the voltage to the 12,500 
volts carried by the overhead lines or underground 
cables in your neighborhood. The neighborhood 
line carries less power because the power carried 
by the transmission lines is split into many parts at 
the transformer substation. 


120/240 volts 
100 amps 


A second step-down transformer near your home 
provides electrical power to operate your electri- 
city users. It steps down the 12,500-volt line to the 
120-volt and 240-volt lines that enter your home. 
The power company recommends that these lines 
entering your home should carry a 100-amp 
current. 
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Gets 
the 


Credit? 
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Faraday sla oratory 





The invention and development 
of the electric generator 
and motor 


Volta invented the battery and Bell invented the telephone. But 
who gets the credit for inventing the handy device known as the 
electric motor? That’s a simple enough question. But there is no 
simple answer to it. The electric motor was not invented by any 
one person. Instead, it was invented, invented, and invented 
again—until finally scientists in many places realized it had been 
invented, and started to use it. 

It’s interesting that so many people invented the electric motor 
before people finally began to use it. To get a better idea of why 
this happened, we need to take a look at the history of electricity 
during the 1800’s. 

As you may remember, Ampére demonstrated in 1820 that an 
electric current can generate magnetism. He also suggested that a 
magnet might be able to generate electricity. Many scientists 
worked on that idea in Europe and the United States. Within a few 
years, two scientists each invented the motor—for the first of many 
times. 


The very beginnings: Faraday and Henry 
Michael Faraday was born to poor Scottish parents in Surrey, 
England, in 1791. He was apprenticed to a bookbinder when he was 
twelve. There he came across many books on scientific experiments. 
Faraday also went to hear lectures at the nearby Royal Institution, 
a famous institution for scientific research. By the time his ap- 
prenticeship was finished, he knew that he wanted more than any- 
thing to work with the scientists at the Royal Institution. He 
obtained work there as a laboratory helper, the lowliest of jobs. 

Before too long, Sir Humphrey Davy, a scientist at the Institution, 
recognized Faraday’s interest in science. Faraday was promoted to 
Davy’s assistant because he showed Davy a notebook that he had 
made on Davy’s lectures. The young man was always filling up his 
notebook with new observations, and with ideas for new experi- 
ments, especially on electricity. 

In 1820, Faraday heard of Ampere’s experiments on electro- 
magnetism. He wrote a short memo in his notebook: ‘Convert 
magnetism into electricity.” 





It was a tall order even for a gifted scientist like Faraday. The 
very next year, though, Faraday achieved a result that seems very 
important to us now. He showed that when a movable wire made 
contact with an electrical circuit, in the presence of a magnet, it 
generated a force that pushed it away from the magnet. Faraday 
hinged his wire in such a way that it moved in a circular path 
around the magnet. He used electromagnetic forces to produce a 
circular motion. Faraday had invented an electric motor! 

Well, not quite. Faraday wasn’t very interested in motion at the 
time. He was interested in that brief electric current that was pro- 
duced (page 170) by the magnet. He wanted to ‘convert magnetism 
into electricity.” He left his ‘motor’ and went to other projects. 

It wasn’t until 1831, after five series of unsuccessful experiments, 
that Faraday finally succeeded in his goal of generating electricity 
from magnetism. He mounted a copper disk between the poles 
of a strong magnet. When he turned a crank to rotate the disk, 
an electric current was generated in wires connected to the disk. 

This first generator didn’t generate a very strong current. But 
unlike the voltaic pile, which consumed expensive zinc plates, 
it didn’t use up anything except a little elbow grease. Physicists 
began to use generators for their research. A British firm started 
manufacturing small laboratory generators as early as 1834. 

Meanwhile, across the Atlantic, another scientist was working 
on some of the same ideas as Faraday. Joseph Henry, who was also 


8-20 Faraday in his laboratory 
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of Scottish ancestry, was born in Albany, New York, in 1797. He 
seemed to be a slow student, so he was apprenticed to a watch- 
maker at the age of thirteen. Just as Faraday developed clever 
fingers as a bookbinder, Henry gained skill and patience at the 
watch works. 

Henry wanted to practice medicine, but in 1826 he was offered 
a teaching job at the Albany Academy, where he had studied. He 
accepted, half-heartedly. And he rounded out his teaching life 
with experiments on the new electrical ideas that he heard about 
from overseas. 

In 1829, Henry’s work produced several important devices. For 
the first, he took silk threads from his wife’s petticoat to insulate 
wire. He wrapped the wire in many coils around an iron core. Then, 
when he connected the coil to a small voltaic pile the device became 
a powerful magnet which could lift over a ton of metal! Henry’s 


8-21 Faraday copper-disk generator. 
The copper disk was turned between 
the opposite poles of two bar magnets. 
The current generated on the disk was 
carried to the carbon arc light by the 
wire at the right center of the disk. 


design was basically the same as that of electromagnets used in 
modern generators and motors. 

His next invention was an even greater achievement. Using one 
of his insulated wire coils and a magnet, he built a device that— 
like Faraday’s invention—generated electricity. And, like Faraday, 
Henry also designed a primitive motor. But Joseph Henry didn’t 
publish his experiments until after Faraday had demonstrated his 
achievements. The two scientists developed the same ideas, an 
ocean apart, without knowing of each other’s work. 

Faraday and Henry also shared a dedication to science. Faraday 
spent much of his time doing research for industry. His work 
brought money and prestige to the Royal Institution. With this 
money, the Institution could hire young scientists, just as they had 
hired young Faraday. 

In the United States, Joseph Henry became the first secretary of 
the Smithsonian Institution, founded in 1846 as an institution for 
the increase and spread of knowledge. While serving as secretary, 
he fostered many large programs of research. 

Both Faraday and Henry continued to publish research during the 
succeeding decades. But the drama of electricity was shifting away 
from the laboratory of the pure scientist, into the hands of the 
engineer. 


The generator comes of age—1832 — 1873 

In 1832, Hippolyte Pixii (pek se’), a Frenchman, made a generator 
that was more practical than those of Faraday and Henry. It used a 
revolving magnet and fixed coils. In 1833 another improved gener- 
ator was developed by an Englishman named Saxton. This one had 
fixed magnets and revolving coils, which is the arrangement more 
frequently used today. 

Both of these designs were for laboratory generators, to provide 
electricity for experiments. The fact is, there wasn’t really much 
else for electricity to do. Lighting was done by gas or kerosene 
lamps. Heavy work was done by steam engine or muscle power. 

The first real call for a better generator came from a very special- 
ized place—the lighthouse. Lighthouses at the time were using a 


8:22 Henry’s electromagnet 
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8:23 Pixii generator 


relatively new type of light, called limelight, which required 
hydrogen and oxygen gases. 

In 1850, a Belgian named Florise (flo’res) Nollet (no le’) began 
taking patents for a generator to break apart water into hydrogen 
and oxygen gases for lighthouses. Nollet died in the midst of this 
work, in 1853. An Englishman, Frederick Holmes, continued his 
work. 

For various economic reasons, the lighthouse project failed. But 
Holmes, who was something of an electrical wizard, had another 
lighthouse idea. He wanted to generate electricity, not for lime- 
light, but for a carbon arc light. 
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He sought out Michael Faraday, who encouraged him to develop 
the idea. In 1857, Holmes built his first lighthouse. A steam engine 
rotated the generator’s coils at 660 revolutions per minute, gener- 
ating 1% kilowatts of power. It made the high-resistance arc glow 
bright white. 

The generator really came of age, though, in 1873. In that year, 
electric light produced by a generator designed by Zénobe Théophile 
(za’ nob ta’ o fel) Gramme (gram), a Belgian, won a competition 
over gaslight. It was installed to light a clock tower in Westminster, 
England. The machine that Joseph Henry had once called a “philo- 
sophical toy’”’ had become a practical source of light-giving power. 


Discovery: a generator is a motor is a generator... 

Now people had a source of electrical power. Now they had a means 
to run motors, if any motors had been around to run. But all any- 
body had was a lot of big generators. 

But wait. . . 

In a generator, something (either coils or magnets) is rotated, 
and electricity is produced. So if electricity were supplied—wouldn’t 
rotation be produced? If we really want to honor the inventor of the 
electric motor, we just have to find the one who first used elec- 
tricity to rotate a generator. 

But at this point, history disappears in a cloud of uncertainty. 
All that we know for sure is this: In 1873, Zénobe Gramme and an 
associate named Fontaine displayed two Gramme generators at the 
Vienna exposition. Someone—Gramme, Fontaine, or maybe a care- 
less maintenance man—hooked up one generator to the coils of the 
other. The second generator, fed from the wrong end, started work- 
ing backwards, turning electricity into a powerful mechanical 
rotation. The generator had become a motor. 

But can we really say Fontaine, or Gramme, or a janitor invented 
the motor? Didn’t Faraday invent the motor? Didn’t Joseph Henry? 
Didn’t countless scientists and engineers probably hook up their 
generators backwards at one time or another? 

The reason that none of these inventors came forth to claim fame 
and fortune is that none of them could take the most important 
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8:24 Gramme generator. This gener- 
ator has the same parts as a modern 
generator. The coil turns between two 
electromagnets. The current generated 
in the coil is carried to the brushes 

on the right side of the armature. The 
current leaves the generator through 
the terminals attached to the brushes. 
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step in inventing the motor. None of them could use it. Taking that 
step required the last big electrical development of the 1800’s— 
the production of cheap electrical power. 


The first power stations and the AC/DC controversy 
The Gramme generator was a direct current generator. (‘Direct 
current’ is often shortened to “DC.”) That is, the current it sup- 
plied was a continuous stream, all in the same direction. By 1874, 
Gramme generators were being used in French and Russian ships. 
They supplied rotation for the propellers and electricity for lights. 
Other generators in use at that time supplied alternating current. 
(‘Alternating current’ is often shortened to ‘“AC.’’) The coils, as 
they rotated, generated current in pulses, first in one direction, 
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then in the opposite direction. There were many “cycles” or 
changes in direction, each second. 

Thomas Edison, an American, favored direct current. His phono- 
graph, electric light, and other inventions could be run more simply 
with direct current. In 1878, he designed a whole electrical system, 
using DC power. In 1882, he opened the Pearl Street electric power 
station, supplying direct current to New York City. 

George Westinghouse, another American, was champion of al- 
ternating current. But Edison already had well-designed DC motors, 
and no one had come up with an AC motor. 

Now the time was surely ripe for the electric motor to be invented 
again. In 1888, Nikola Tesla (tes/la), a brilliant engineer working 
for Westinghouse, patented his design for an AC motor. 

Within the next year or so, greatly improved AC motors were 
developed in Zurich and Berlin. The latest inventors of the motor 
really meant business. Their designs went into production almost 
as soon as they were finished. Countless uses for the motor had 
been found—vacuum cleaners, washing machines, and others. As 
soon as the public decided on AC or DC, the electronic age could 
get under way. 

The most dramatic competition between AC and DC began when 
the United States government decided to build a huge power plant 
at Niagara Falls. Edison and Westinghouse both turned all their 
energies toward winning the contract. The contest became fierce, 
and sometimes unethical. 

In 1893 the dust finally settled and Westinghouse emerged the 
winner. High-voltage transmission was seen to be an essential 
requirement for modern power distribution. Edison’s DC designs 
could not reduce power losses at high voltage, so they were out 
of the running in the United States. 

Once AC plants brought electricity into homes all over the U.S., 
the Tesla motor became the marvel of the day. Some people at the 
time said that Tesla had invented the electric motor. But you know 
that there was much, much more to it than that. 
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A thought and discussion question 


The time of the all-electric home, school, office, and factory is here. 
We heat and we cool with electricity. We use electricity to mow the 
lawn and to vacuum the rug. We keep our food in electric refrig- 
erators and freezers. And we often prepare it on electric ranges. 
But where are we going to get power to supply our ever increasing 
need? | 

We are running out of ordinary sources of electric power. There 
are few rivers to dam. And we are trying not to build dams that 
would damage the balance of nature. The world has a limited 
supply of coal and oil. And burning these fuels pollutes our air. 
Coal-burning generator stations emit hundreds of tons of poison- 
ous chemicals each day. They also emit carbon dioxide. And the 
carbon dioxide concentration in the atmosphere is rising about 
2 percent every 10 years. Is electricity worth running eyes, smoggy 
skies, or building a dam that would flood the Grand Canyon? 

Nuclear power may solve our problem. It is cheaper than coal 
or oil. Nuclear power plants presently cost more to build, but 
they cost a great deal less to run. Nuclear fuel does not have to be 
constantly transported to the power plant. One fourth of the plant’s 
fuel is replaced yearly. And the fuel that is removed can be reproc- 
essed and used again. In addition, nuclear plants produce medically 
useful radioactive chemicals as by-products. And they don’t throw 
poisonous chemicals into the air we breathe. 

But nuclear power plants may seriously upset the balance of 
nature. Imagine what could happen if a large amount of radioactive 
materials was released by accident. Those who favor nuclear power 
say that commercial nuclear power stations in the United States 
had completed 100 reactor years of accident-free operation by 1970. 
Those against nuclear power are not so optimistic. But there is no 
way to prove that the risk has been reduced to a tolerable level. 
Besides which, nuclear power plants do release a small amount of 
radioactivity into the air and ground waters when they are working 
well. Scientists are still debating the harm which that radioactivity 
might cause. 

And then there is thermal pollution, the addition of heat to a river 
or lake which thereby raises its water temperature above normal. 


All steam-turbine power plants cause some thermal pollution. 
But a one-million kilowatt nuclear power plant can empty 700,000 
gallons of water per minute into a lake or river at 6-12°C (10-20°F) 
above the normal water temperature. A nuclear power plant pro- 
duces 60 percent more waste heat than that produced by a coal- or 
oil-burning plant. Which brings us to another difference of scien- 
tific opinion. 

Some scientists and most nuclear power engineers insist that re- 
turning heated water to a lake or river is harmless. Many ecologists 
and conservationists disagree. They feel that exposure to sudden 
temperature change may kill eggs and larvae of water animals. And 
they offer many other arguments: Rise in water temperature in- 
creases the amount of oxygen used by fish and other water or- 
ganisms as it lowers the available oxygen in the water. It does 
so in two ways: It makes oxygen less soluble in water. And it speeds 
up use of oxygen by bacteria in the water. It also increases the 
chance for some fish to be affected by diseases and poisonous 
substances. 

Conservationists and some weather experts also suggest that re- 
lease of warm water might seriously affect nearby land areas. 
They say that evaporation of warmer water can contribute to fog 
along the coasts. And they say that the warm water can warm the 
air in the area where it is released. Then they ask how that might 
affect incoming weather fronts, outgoing weather fronts, and local 
rainfall. 

Which brings us back to the original problem. Where are we 
going to get all that electric power? Should we cut down our 
standard of living and our power needs? Or should we wait until 
someone has proven whether nuclear power plants are safe enough, 
and that thermal pollution is or is not harmful? And if we wait, 
what should we do about the serious power shortage that now 
exists in the northeastern United States, and that threatens to be- 
come a problem for the entire nation? What do you think? 


If you would like to read more 
about this subject look up the fol- 
lowing topics in The Readers’ 
Guide to Periodical Literature, 
in your library card catalog, or in 


an encyclopedia: 

Air pollution 

Ecology 

Electricity, supply 

Energy, supply and demand 
Fossil fuels (coal and oil) 
Nuclear power 

Pollution 


Thermal pollution 
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Unit 3: Motion 





alking is motion; talking is 
motion; running is motion; writing is motion. Lifting your arm 
to touch your nose is motion. Turning your head to look out 
the window is motion. Breathing is motion—being alive is 
motion. 


Chemical signals within your body make your muscles contract 
and relax so that you can walk, talk, run, write, and touch your 

nose or turn your head. By your own motion, you can put other 
things in motion. You can push, pull, lift, and carry things. 

But you're only one source of motion. 


Electric motors whirr. Car engines purr. Spacecraft blast off. 
Balloons float up. Leaves float down. The sources of motion are 
infinite. 

From infancy, you start noticing how things move, what causes 
their motion, and what stops it. Explaining such observations 
is a different problem. This unit is about some very basic ideas 
concerning motion. These ideas, or principles, can be applied 
in any situation in which motion is involved. 
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Chapter 9: Things in Motion 


Our subject is motion. Pick a 
moving object, any moving 
object. Say, a baseball in 
mid-throw. Now, consider the 
properties of that baseball— 
all the things about it that 
make it the moving object 
that it is. 


You may think first of the 
baseball’s size, shape, or 
surface texture. But con- 
centrate on the motion of _ 
the baseball. What properties 
play a part in the baseball’s 
motion? 





In a way, many things about 
the baseball could affect its 
motion. But if you wanted to 
get down to basics, there 
are only a few things that 
stand out as general prop- 
erties of the baseball’s (or 
any moving object’s) motion. 
You might call them (1) the 
way it starts, (2) the way 

it goes, and (3) the way it 
stops. These are the topics 
of this chapter. 


Whoosh and thud 


The first property of some- 
thing in motion concerns how 
hard it is to get it started 

from rest. In the case of the 
baseball, that’s the pitcher’s 
problem. The last property 
concerns how hard it is to stop 
the object—the catcher’s 
problem. 


Do you think a ball that takes 
less effort to throw will also 
take less effort to stop? As an 
example, consider pitching and 
catching a baseball as com- 
pared with pitching and 
catching a bowling ball. 
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The effort needed to start an 
object moving is so closely 
related to the effort needed 
to stop it that you can think 
of them as one property. If 
you would like a name for 
the property that determines 
how easy it is to start or to 
stop the moving object, you 
might name this property after 
the sound the object makes 
as it is stopped. 


In the case of the baseball, 
call this property the “thud” 
the baseball makes as it hits 
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the catcher’s mitt. The loud- 
ness of the thud can give you 
an idea of how hard the ball 
was to stop. 


The other property, the way 
the ball goes, also produces a 
sound. You may have heard 
the sound of a ball going by 
your face. You could call it 
the “whoosh” of a moving 
object. The “whoosh” gives 
you an idea of how fast a ball 
is moving. That is, it gives 
you an idea about its speed. 
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How fast the whoosh? 


Speed is the distance an 
object has moved divided by 
the time it took the object 

to move that distance. A 
baseball moves about 18 
meters (m) from the pitcher’s 
hand to the catcher’s mitt. 
Suppose someone clocks the 
time it takes for the ball to 
reach the catcher’s mitt. It 
might turn out to be 0.6 
seconds (sec). 


You can figure out the speed 
of the ball as follows: 


distance traveled 3 18 m 
time interval 0.6 sec 





130 misec 
However, this result might not 
be too accurate. The position 
of the pitcher’s arm and that 
of the catcher’s mitt can vary 
by half a meter or more. 


Furthermore, a baseball travels 
so quickly that, even with 
an accurate stopwatch, the 
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person doing the timing might 
be off a few tenths of a second 
in starting and stopping the 
watch. So let’s take another 
example. 


Imagine that you have just 
won a contest. The prize is a 
bus tour of Mexico. You are 
riding along a highway in 
Mexico, where, of course, 
distances are measured in the 
metric system. As you speed 
along, a clock says 3:30 

just as you are passing a sign 
that says, ‘“Ascencion—260 
kildmetros” (260 kilometers). 


Later you see another sign, 
“Ascencion—160 kilometros.”’ 
This time you notice it’s 
exactly 4:30. So when the man 
behind you leans over the back 
of your seat and asks, “How 
fast have we been going?” 

you can figure it out in the 
following way: 


18 meters 





Distance traveled: To find the 
distance traveled, take the orig- 
inal distance from Ascencion, 
260 kilometers (km), and 
subtract the final distance 
from Ascension, 160 kilometers. 


distance — 960 km — 160 km 


= 100 km 


Time interval: To find the time 
interval, subtract the original 
time from the final time: 


time interval = 4:30 — 3:30 
——= lehour 


You now know that it took 
you one hour to travel a 
distance of 100 kilometers. So 
the bus has been cruising 
along at an average speed of 
100 kilometers per hour. You 
can now do some rapid mental 
arithmetic by multiplying the 
100 kilometers by 0.6. (See 
Appendix A, Chart II for 
more on the metric system.) 
Then you can say to the man, 


9:2 


ASCENCION 


ASCENCION 
260 km 
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“Our average speed over the 
last hour has been 60 miles 
alias Invoyuue, 


Does the value you get for 
speed mean the bus moved 
at a speed of 100 kilometers 
per hour every moment of the 
entire hour? It might. 


The road might have been 
good and there might have 
been very little traffic. So the 
bus driver might have had no 
trouble driving along at an 
unchanging speed. In that 
case, you would have been 
moving along at 100 kilometers 
an hour at, say, 4:03, or at 
3:48, or any other time during 
the hour. 


9-3b 
On the other hand, you might 
have stopped for a red light 
or slowed down when the 
road got crowded. Then you 
might have moved faster the 
rest of the time. In either 
case, your average speed for 
the hour would have been 
100 kilometers per hour. 


But you do not know exactly 
what the bus’s speed was at, 
say, 4:00 if you haven’t been 
traveling at an unchanging 
speed. To give the exact speed 
at any one instant, the Mexican 
bus and most other vehicles 
have speedometers. 


In summary, you can find the 
average speed of any object 
over a certain time interval 
and a certain distance, whether 
it has a speedometer or not. 





The method is always the 
same: Average speed = the 
distance traveled divided by 
the time interval. 


If you know the object has 
been moving at an unchanging 
speed during the entire time, 
this average speed is also 

the exact speed for any instant 
during the interval. 
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9-4 The speedometer was photo- 
graphed each time the driver changed 
speeds on a 50-mile trip. What was the 
average speed in miles per hour and 

in kilometers per hour for the entire trip? 
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1. a) Name a property of a leaves school at 3 o'clock 
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moving object. 


b) Define speed using the 
words distance and time. 


. A girl leaves school at 3 


o'clock and starts walking 
home. Her house is 2 kilo- 
meters from school. She walks 
without stopping and without 
slowing down. She gets home 
at 3:30. How fast was she 
walking at 3:15? What was 
her average speed? 


and has 2 kilometers to walk 


gets home at 4:30. But this 


student had to stop at several 
traffic signals on busy streets. 
He also stopped at a friend’s 
house on the way. What was 
this student’s average speed 


from school to home? 


ON YOUR OWN 





The earth in motion 


The circumference of a circle can be 
found by multiplying its diameter (the 
_ distance across its center) by 3.14. 


The earth's diameter is about 12,800 
kilometers. The earth rotates on its axis 
once every 24 hours. How fast would you 
be Hae: at the 7 





How great the thud? 


Baseballs move too fast for us 
to measure their speed accu- 
rately without special photo 
equipment. So consider the 
slower-moving bowling ball. 


Many bowling balls have the 
same diameter and smooth 
outer surface. Just by looking 
at two such bowling balls, 
could you tell which would 
have the greater thud, that is, 
be harder to start and stop? 


You could do an experiment 
to find out. You would need 
help to start two bowling balls 
rolling toward you at the 
same speed. To get the balls 
going at the same speed, the 
other people can let the balls 
roll down a slope at the same 


time and from the same height. 


When the balls get to your 
hands, you will be able to tell 
which has more thud. 


In the experiment (figure 9-6), 
the ball on the right hit with 
a greater thud. Just to make 
sure, though, you would want 
to try it again. 


Again the balls should be let 
go down the slope at the same 


time and from the same height. 


If they come down the alley 
together, always across from 
each other, you can see that 
they have the same speed. 


9-6a 


9-6b 
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Once again, the same ball 
sounds a much louder and 
harder thud when it hits 
your outstretched hand. 


You now have a way of 
comparing the thud of two 
rolling bowling balls. It is a 
good, sound method. But it 
has a very narrow range of 
application. 


Then, between experiments, 
you might discover something 
new: When you pick up the 
stopped bowling balls to 
return them, the ball on the 
right, the one with greater 
thud, is harder to lift. Standing 
there with both bowling balls, 
your right arm feels more of 

a strain. 


To check out this chance 
observation, you could run 
many tests with many pairs 
of bowling balls. 
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9-7 





The one that has the greater 
thud always gives your arm 
the greater strain. And when 
two bowling balls of the same 
speed have the same thud, 
they seem to balance when 
you lift them—each causing 
about the same strain on 
your arms. 


So now you seem to have two 
properties, thud and strain. 
They seem to correspond 
perfectly. A bowling ball 

that causes greater strain 
(when you lift it) will also 
produce a greater thud when 
it hits. 


Because of this observation, 
you have a new ability: You 
can predict which of two 
bowling balls (when moving 
at the same speed) will have 
greater thud when they roll 

to a stop. And you can do this 
without rolling them! You can 


simply hold them still and 
sense which gives you the 
greater strain. 


You will no longer need to 
take up a whole bowling 

alley to measure the thud of 
bowling balls. You can now 
get the answer you need in 

no more space than it takes 

to stand with a bowling ball in 
each hand. 


With just these experiments 
with bowling balls, you might 
not want to make any sweeping 
generalizations about strain 
and thud. As it turns out, 
though, countless experiments 
with a variety of objects have 
supported this relationship 
between strain and thud. 


For everyday purposes, these 
two properties give the same 
comparative values for any 
two objects. And a name has 
long been shared by both of 
them: mass. 


When you compare the thud 
of two bowling balls, or their 
strain, you are in each case 
comparing their masses. This 
property, mass, is what deter- 
mines both how hard an object 
is to start and stop, and, ina 
slightly different way, how 
hard it is to hold above the 
ground. 


What is mass and what isn’t it? 


We now have another name 
for the “thud” property of 
moving objects. It’s mass. But 
an object doesn’t need to be 
moving for us to find out 
about its mass. 


At first glance, it might seem 
that the mass of an object is 
the same as what you usually 
call ‘“weight.’” But mass and 
weight are not exactly the 
same. 


“Weight is a measure of the 
attraction between the earth 
and objects near it. The amount 
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9-8 The astronaut can take large jumping steps on the moon 
because it does not attract him as strongly as the earth did. 


of attraction depends on the 
masses of the earth and the 
object near it. 


The greater the mass of an 
object, the stronger is the pull 
of the earth on it. On the other 
hand, the moon, which has a 
smaller mass than the earth, 
will pull less strongly on the 
same-size object. So, the object 
will weigh less on the moon 
than on the earth. 


Weight also depends on other 
things, such as the distance 
between the center of the 


ae ee 


it was on earth. 


He weighs less on the moon, but his mass 


earth and the object. For 
example, the weight of an 
object is a litte less on top of 
a mountain than at sea level. 


Weight decreases even more 
as an object leaves the earth, 
until, at a great distance from 
the earth, objects act almost 
as if the earth did not attract 
them at all. They are almost 
“weightless” in relationship 
to the earth. 
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But, while a bowling ball 
would have different weights 
on the earth, in space, and 

on the moon, its mass would 
be the same in all these places. 


As long as the make-up of the 
bowling ball does not change, 
it will be just as easy—or 
hard—to throw and catch a 
bowling ball on earth, on the 
moon, and in space. If you 
have one value for an object’s 
mass, that value will be good 
anywhere. 


Up to this point, all you have 
looked at is a method for 
comparing two masses. Know- 
ing that one bowling ball’s 
mass is greater than that of 
another bowling ball is not 
the same as knowing the exact 
mass of either ball. 


You could try to memorize 
the strain one bowling ball 
puts on your arm. Then when 
you lifted another bowling 
ball, you could compare its 
strain to the strain that you 
had memorized. 
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Then you could say, “When 

I lift this bowling ball, it gives 
twice the strain on my arm as 
my memorized bowling ball. 
So it has a mass of 2.” Or 

you could say, “This one 
gives only half as much strain, 
so it has a mass of one half.” 


Even if you were standing on 
the moon lifting bowling balls, 
the relationship between 
these same bowling balls 
would still be the same. One 
would still strain your arm 
twice as much as your ““mem- 
orized”’ bowling ball. And 

the other would still strain 
your arm half as much. How- 
ever, they would all strain 
your arm less than they would 
on the surface of the earth. 


You could improve your 
accuracy by actually carrying 
around a bowling ball for 
comparison, using it as the 
standard. But this method 
still lacks something in the 
way of accuracy. 





There is an instrument of 
simple design that can be 
used to compare masses more 
accurately. It is an equal-arm 
balance (figure 9-10). The arms, 
with their pans for holding 
objects, are very carefully 
balanced when empty. The 
needle, placed at a right angle 
to the arms, points straight 
up or down to a fine line on 
the upright support. 


If you put an unknown mass 
on one side, and start putting 
masses which have assigned 
values on the other side, the 
needle will again point to the 
balance line only when the 
masses on each side are exactly 
equal. So you just start putting 
your standard bowling balls 
on the empty side... 


A bowling ball is a rather 
awkward standard. But until 
less than 200 years ago, there 
was no standard mass (accepted 
by all countries). Then, in 
1795, a standard mass was 
defined and agreed upon. It 
was called a gram. It was 
defined as the mass of one 
cubic centimeter of water at a 
temperature of 4° Celsius. 
(The meter and the Celsius 
scale were defined around 
the same time.) 


Little cubes filled with cold 
water are not much easier to 
carry around than bowling 
balls. Therefore, small metal 
blocks were made that balanced 
exactly with the standard 

gram of water. 


The gram is a very small mass. 
It takes five gram masses to 
balance one United States 
nickel. In everyday life a 
larger unit of mass is much 
more practical. So a thousand- 
gram mass called a kilogram 
(kilo is Greek for thousand) 





9-10 Themass of the bowling ball is 4 kilograms. | 
| 


has become the international 
standard mass. The kilogram 
is the standard measurement 
used in exchange of goods and 
information between nations. 


A precisely measured block 
of platinum with a mass of “ 
exactly one kilogram is kept 
in a vault at the International 
Bureau of Weights and Meas- 
ures at Sevres, France. In fact, 
it is this block, rather than 

an amount of water, that is 
now the actual standard for 
the kilogram. 
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Each nation has copies of the 
block. The United States keeps 
its copy at the National Bureau 
of Standards in Gaithersburg, 
Maryland. Like the original in 
Sevres, the United States copy 
is kept in a vault, safe from 
the effects of air, water, heat, 
or cold. 


For measurement purposes in 

science and in trading between 
countries, many other groups 

have their own standard 

masses. All of these are kept Sage 
carefully in accord with the 
international standard. 


Leo le OURS iE 
1. How is “mass” different from 
“weight” ? 


2. Describe two ways to com- 
pare the masses of two 
bowling balls. 


3. Which of the following could 
be compared by using the 
moving (thud) method of 
mass comparison, and which 
could be compared by using 
the stationary (strain) method? 
If both methods can be used, 
indicate which would be 
easier. 


9°11b 
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The mass of the green pepper is 116 grams. 





The mass of the nickel is 5 grams. 





9-11c Themass of the clock is 363 grams. 





9-4 1d The mass of the whiffle ball is 45.5 grams. 


Describe in each case how 
you would go about using 
the method chosen. 

a) two red wagons 

b) two sacks of mail 

c) two grand pianos on wheels 
d) two small children on 
roller skates 


What is the definition of the 
gram? 


What 1s the definition of 
the kilogram? 


Indicate, for each of the 
following, whether you would 
probably measure its mass in 
grams or in kilograms: 


a) a pencil 
b) yourself 
c) a glass of water 
d) a tank of water 
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Another look at the measurement of 
time—essential to the measurement 
of motion 


Once upon a time 
Imagine that you have just awakened on a lonely island after a 
long sleep. You have no memory, no sense of time. 

As you lie on your back in the warm sand, not moving, your eyes 
focus on one swaying palm tree. Besides the warmness of the sand 
and the sun, you feel a thumping in your chest as one heartbeat 
follows another. You also feel the gentle flow of air as you breath 
in-and-out, in-and-out, in-and-out. You are alive and aware of the 
repeating events of some personal inner clocks. 

You begin to feel too warm in the sun so you get up slowly. But 
not quite. You find yourself on the sand again. Your knees are weak 
from lack of use. You try again. After a few steps you feel more 
sure. You begin to explore the island and your awareness shifts 
from yourself to things happening around you. 
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Dark clouds slide in and block out the sun. A wind begins to 
blow. And the waves wash higher and higher onto the beach. A 
quick tropical storm soaks you completely. Small animals scurry 
for the protection of their nests. Then the wind dies down and the 
sun comes out again. 

By thinking back over the events in the order in which they 
happened, you begin to develop an idea of time. 

Slowly a fear begins to grow within you as stillness creeps over 
the island. The sun sinks into the ocean, and you’re swallowed by 
darkness. Huddling between some large boulders, you fall asleep. 
The next thing you feel is the warmth of the sun. And again you 
open your eyes to the bright world of the tropical island. 

You continue to explore your island, this time in search of food. 
You learn which animals you must stalk slowly, which animals 
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you must chase swiftly, and which animals you must run from 
frantically. As you compare the fast and slow movements, you get 
another idea of time. 

Suddenly that terrible event is happening again. The sun sinks 
into the ocean and darkness again closes around you. This time, 
though, you find a cave. You feel more protected, so you settle 
down to sleep more quickly. Instead of trembling with fear until 
you fall asleep, you are hoping that light will again follow the 
darkness. 

After you have lived through many day-night-day cycles, you 
begin to rely on this clock of nature. You learn that you can deter- 
mine distances to places on the far side of your island in terms of 
the number of days and nights it takes to reach them. 
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Darkness is no longer something to be feared. You spend part 
of each night studying the sky. You notice that over a period of 
many nights the moon seems to change shape. As you continue to 
watch the moon, you see that the shapes repeat themselves every 
twenty-nine nights. You have discovered another clock of nature. 

For living on your tropical island, your ideas about time are good 
enough by now. They are good enough for hunting, fishing, and 
picking berries. 

The ideas of past and present, the order of events, fast and slow 
motion, day-night cycles, and the repeating changes of the moon 
are all the time sense anyone needs who lives as simply as you do 
on your island. And that’s all the time sense people anywhere had 
until about 4000 B.c. That’s when the ancient Egyptians saw a need 
for another way to measure time. 
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Progress 

The ancient Egyptians looked forward to the yearly floods of the 
Nile River. The floods brought water and nutrients for their desert 
land. Because the Egyptians wanted to plan the planting of their 
crops, it was important to them to be able to tell exactly when the 
river would flood. 

They had made up a calendar according to the changes of the 
moon. But they found that they could not predict the flooding very 
well this way. 

They came up with a solution. They had noticed that the Nile 
always flooded at the same time as the Dog Star (Sirius) rose in the 
east just before daybreak. After closer observation, they found that 
the Dog Star appeared at that same place in the sky every 365 
nights. They had discovered another natural clock. They made up 
a new calendar which had 365 days. By using this calendar, they 
could successfully predict when the Nile would flood. 


More progress 

Besides keeping track of the passing of days, people needed shorter 
time spans measured. Such was the case especially as business 
and government activities became more and more complex. 

One of the most obvious ways was again related to the sun and 
what seemed to be its circular path through the sky. The Egyptians 
and other ancient people had noticed that the shadow of an object 
changes as the sun moves through the sky from sunrise to sunset. 
From this idea came the sundial. At first, it was just a stick in the 
ground, whose shadow was measured during the day to indicate 
the time of day. 

There were many variations on this idea. The Egyptians in 
particular kept up their habit of doing things in a big way. They 
built huge brick columns called obelisks. The Egyptians measured 
the shadows of the obelisks, using them as huge sundials. 

People found another way to measure time—the water clock. 
It works very simply. Water drips slowly from an opening in a jug. 
The opening and the amount of water in the jug were adjusted so 
that the water dripped at a steady rate. 





9-14 Water clock. Agora Museum, Athens, Greece. 


9-13 Obelisk at Heliopolis, Egypt. 
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9-15a A grandfather clock with 
pendulum 


The Greeks and Romans improved upon the water clock. Prob- 
ably one of the reasons was to limit the length of speeches in public 
places. As water emptied from one container into another, their 
improved water clock turned hands on a clock face. Systems of 
chain-connected floats on the changing water surfaces caused this 
motion. 

Sand clocks were based on an idea similar to that of water clocks. 
Sand was put into a container with two sections, one above the 
other. The sand in the upper portion of the container would empty 
at a steady rate into the lower portion. When all the sand from the 
upper portion had emptied into the lower portion, the container 
was turned over and the whole process would begin again. Com- 
plicated forms of the sand clocks used systems of sand baskets 
attached to chains. As the sand buckets filled, the chains moved 
large hands on clock dials. 








9-15b The energy of motion for turning 
Se the hand of a pendulum clock is pro- 
duced by a very slowly falling weight. 
—7 The purpose of the pendulum is to 
regulate the rate of the clock move- 
ments. The even back-and-forth motion 
pendulum of the pendulum causes the anchor to 
rock back-and-forth evenly. The anchor 
motion controls the falling weight and 
the rate at which it moves the gears 
il that move the clock hands. 





weight 














9:16a Pocket watch 


Ways of measuring the passing of time were improved upon even 
more in the 1500’s and 1600’s, when scientists began to make 
accurate observations of motion. One such scientist was the famous 
Italian, Galileo. 


Still more progress 

There is a story about the way Galileo got his idea for improving 
upon clocks. It was during a service in a large cathedral. Galileo’s 
eyes wandered to a chandelier swinging back and forth on a long 
chain. The chain was attached to the cathedral’s high ceiling. Using 
his pulse (personal clock) as a timer, Galileo found that the chan- 
delier was swinging back and forth in equal time intervals. His 
idea of the regular motion of swinging objects was used to make 
the pendulum clock. Clocks which were based on systems of 
weights and pulleys already existed. But they were not very ac- 
curate. Galileo’s addition of a pendulum (a weight swinging ona 
string or chain) made these clocks much more accurate. 

This same kind of regular motion is supplied by the balance 
wheel and spring in a modern watch or mechanical clock. As the 
spring uncoils, it keeps a tension on the gears to keep them moving. 
The balance wheel vibrates back and forth at regular intervals. 
So the gears and the clock hands keep moving at specific rates. 










balance 
wheel 


driving wheel 


mainspring 














9-16b The wound-up mainspring 
provides the energy of motion for the 
hands of most watches. But that energy 
must be regulated. The even winding 
and unwinding of the balance spring 
moves the balance whee! back-and- 
forth. This motion rocks the escape 
lever, thereby allowing the escape wheel 
to move forward evenly. The escape 
wheel controls the energy of the unwind- 
ing mainspring so the hands of the 
watch will also move forward evenly. 
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Electricity has provided another way to keep time. The electricity 
supplied to most homes in the United States changes direction 120 
times each second. This 60-cycle vibration keeps the gear systems 
of electric clocks turning very evenly. But even these timers must 
be checked and corrected regularly against the turning of the earth, 


a natural clock. 

The split-second timing that is necessary in space flight demands 
even more accurate time measurements. Scientists and engineers 
have designed devices called “atomic clocks” for this purpose. 
These timing devices use the vibration of certain atoms and are 
accurate within a one-second variation in a hundred years. All in 
all, time sense and time measurement have come a long way. 
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The metric system of measurement 
and its international use 


What's the speed limit for cars in your town? That probably seems 
to be a simple question. But before you can answer that question, 
you have to know who is asking it. Your neighbors will know what 
you mean if you answer 30 miles an hour. Anyone from Canada 
will understand you. And a Britisher will, too. 

But a Mexican friend will have some trouble figuring out whether 
30 miles per hour is fast or slow. A German will have the same 
problem, as will a Russian, most Africans, all Scandinavians, almost 
all Asians, and most Europeans. This list will probably include 
the English a generation from now since they are in the process of 
changing over to the metric system. 

In fact, the United States is one of the last countries left that 
measures things in miles, feet, pounds, and gallons. Most of the 
other countries mentioned above use the metric system. With this 
system, things are measured in kilometers, meters, kilograms, 
and liters. 

What are some advantages in measuring things in kilometers, 
meters, kilograms, and liters? Everything in most of the world’s 
everyday life is measured in metric units. Whereas, in the United 
States, we are still measuring people by the pound; butter by the 
pound (same pound); cream by the pint; strawberries by the pint 
(different, dry measure pint); milk by the quart; jars of food by 
pounds, and ounces, and parts of ounces; medicine in fluid ounces; 
pears by the peck; wheat by the bushel; oil by the barrel; gas by 
the gallon; land by the acre; surveys by the rod; buildings by the 
foot; highways by the mile; and manufactured goods by the inch, 
the eighth inch, and the tenth inch. There are also the gills, fifths, 
statute miles, nautical miles, short tons, long tons, scruples, drams, 
magnums, links, chains, furlongs, hands, and leagues dragged out 
for special occasions or special trades. 

And none of these measurements that surround us and confound 
us has ever been made legal! Congress was given power in the 
Constitution to regulate weights and measures. But it never legal- 
ized any of these ‘‘customary’’ measures. 

Thomas Jefferson and George Washington both urged the new 
government to adopt a standard system. Jefferson suggested that 
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a decimal system be used. In a decimal system, all units are related 
to each other by factors of ten. Our coins, for example, were made 
decimal by Congress: 


10 mills =1cent 10 cents =1dime 10 dimes=1 dollar 


We don’t use mills anymore. But cents, dimes, and dollars are 
going strong. Adding or subtracting money is easy. Compare the 
rest of our “system” of measurement: 


12 inches = 1 foot 2721/4 square feet = 1 square rod 
Biteet = 1 yard 160 square rods = 1 acre 
5250 feet — 1 mile 640 acres = 1 square mile 


1760 yards = 1 mile 


8 ounces = 1 cup 16 ounces = 1 pound 2 pints =1 quart 
2cups =1pint 2000 pounds = 1 ton 8 quarts = 1 peck 
Eepints ele quart 4 pecks = 1 bushel 


4 quarts = 1 gallon 


Not a ten anywhere in sight! How many of these equivalents 
do you know by heart? Chances are that ten years from now you'll 
know even fewer than you do now. Few adults know them all. 
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Yet long ago we had the chance to adopt a ready-made decimal 
system of measurement. Since 1795, the French had been officially 
using their metric system. The French system had been pushed 
into law following their Revolution of 1789. 

At that time, France needed a simple system even more than we 
did. Before the French Revolution, over 200 different units were 
in use there. These measures had often been changed by the king 
or the ruling class. Whenever tax money became low, the simplest 
solution was to increase the measuring standard to increase the 
take, or decrease the measure to make a person’s taxable goods 
seem more than they really were. 

The planners of the new system of measure wanted a scientific, 
unchanging basis for it. They chose one ten-millionth of the dis- 
tance from the North Pole to the equator as the standard for length. 
This distance was named the meter. (The standard for mass was 
going to be the mass of cold water that would occupy a cube one- 
hundredth of a meter on each side.) 

Back in the United States, in 1817, John Quincy Adams joined 
Jefferson, Washington, and others. He did a serious study of the 
units in use at the time. He found over eighty of them and de- 
clared the whole collection a disorderly hodgepodge. He urged 
Congress to do something, the sooner the better. He too suggested 
a system based on a unit of ten. 

The furthest Congress got was to pass a law in 1866 declaring 
that it was legal to use the metric system. In fact, the metric system 
is still the only system that Congress has ever made legal. But being 
legal is not the same as being used. 

At that time, it would have cost the nation very little to change 
to the metric system. Most of the people were still farmers. Rather 
few instruments and machines would have had to be changed. 

By the turn of this century, the cost of going metric was much 
higher. Yet a law which almost passed in 1902 could still have 
saved us billions of dollars. That law would have required only 
government agencies to change to metric measures. Companies 
that supplied or worked with the government would also have 
needed to change. Others could have adopted the new standards 
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more slowly. But the metric debate turned into a name-calling, 
insult-hurling circus. So the person who had suggested the law 
withdrew the suggestion. 

In the early 1970’s the support that was really needed in 1902 
came through. Congress voted for a three-year study of the pros 
and cons of changing to the metric system. The results of this study 
indicate that the United States should have a carefully planned 
government-supported program for making this change. 

As for the overall effort involved, other nations have found that 
the change is slow, but not usually as slow as expected. In industry, 
machines with parts sized according to the old system will wear 
out. New ones with parts sized according to the metric system can 
be built to replace them. 

People, too, can change. It’s true that most people in the United 
States right now think a sack of potatoes should be 10 pounds and 
not 4 kilograms. They estimate a board as “around 6 feet,’”” and 
not as “about 180 centimeters.’” And they are used to milk that 
comes in quarts, not liters. But once people have looked at and 
felt a lot of liters, centimeters, and kilograms, these units will 
become as natural as the inch, ounce, pint, and all the rest. It’s 
possible that, in the near future, you'll be able to say to anyone 
on earth, ‘“My height is 165 centimeters. What’s yours?” 
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Bumping into things 


Every moving object has a 
mass and a speed. The values 
for these properties can be 
gotten from observed facts. 
Single moving objects, how- 
ever, are not really the most 
interesting events. The real 
action occurs when objects 
meet: baseball with bat, hockey 
stick with puck, and, un- 
fortunately, the bumper of one 
car with that of another. 


Some basic ideas about motion 
apply in all these cases. A 
good place to get at some of 
these ideas is the bowling 
alley. We can have bowling 
balls bump into each other 

in the gutter of a bowling 
lane. 


In order to arrange and study 
meetings of bowling balls, we 
will need to consider a few 
things about meetings between 
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moving objects in general. In 
the study of motion, these 
meetings are called collisions. 


The collisions that will take 
place in the gutter of the 
bowling lane will be straight- 
line collisions. The balls will 
be kept to movement along 
the straight path of the gutter. 


In addition, the collisions 
between bowling balls will be 
elastic collisions. ‘Elastic’ 

in this case doesn’t refer to the 
stretching of rubber bands. In 
an elastic collision, the objects 
that collide can bounce off 
each other freely without 
bending or sticking. 


Another condition that will 
simplify our study of colli- 
sions is the smooth, hard, 
straight surface of the bowling- 
lane gutter. 


However, even the best 
possible bowling-lane gutter 
will still have small uphill 

or downhill slants, bumps, 
holes, and rough patches. All 
of these will interfere with 
the collisions. Because special 
equipment is needed to account 
for these small variations, 
let’s overlook them in our 
experiments. Let’s assume 
that our collisions are ideal. 





9:24 The boy lets the ball roll down 
the incline into the flat gutter, where 

it moves at a constant speed. Any ball 
allowed to roll down the same incline 
from the same height will move down 
the flat gutter at the same constant 
speed. 


Basically, ideal collisions 
would be ones where the 
motion of the objects is af- 
fected only by the motion 
you give them, and by their 
short contact with each other. 
There would be no unac- 
counted influences that hinder 
motion or add to it. Under 
ideal conditions; you could 
set up the same collision 
again and again and get 
exactly the same results. 


For our study of ideal colli- 
sions, let’s start with two 
bowling balls of the same 
mass. The bowling balls 
should also have the same 
diameter. 


One of the bowling balls, a 
black one, is placed in the 
middle of the gutter (figure 
9-24). The other one, a blue 
one, is released from an 
incline placed at the start of 
the gutter. When the blue ball 
reaches the straight part of 
the gutter, it has picked up 
as much speed as it can. At 
this speed, it travels toward 
the black ball, which is not 
moving. The blue ball rolls 
into it and stops. The black 
ball moves on. 
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Assistants with stopwatches 
time the blue ball over a 
marked distance, before 
collision. They also time the 
black ball over a marked dis- 
tance after the collision. With 
these measurements the 
speeds can be calculated. 


What is the change in the 
speed of the black ball? What 
is the change in the speed of 
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the blue ball? (See figure 
9-25.) So far it seems that 
the speed lost by the blue 
ball is gained by the black 
ball during the collision. 


But motion is not based only 
on speed. It is also affected by 
mass. We can change the 
masses of the balls involved 
in the collision to see what 
effect this will have on the 
results. 
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In the second experiment, one 
ball, a red one, has a mass 
only half that of the blue ball. 
But both balls still have the 
same diameter. The red one 
is placed in the middle of the 
gutter. The blue one is again 
released from the incline 
placed at one end of the gutter. 
But this time it is released 
from higher up so that the 
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blue ball will have more speed 
than it did in the first collision 
experiment. 


This time, instead of stopping, 
the blue ball keeps going at a 
slower speed after it hits the 
red ball (figure 9-26). Mean- 
while, the red ball goes 
forward at the same speed as 
the blue ball had before the 
collision. 
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Table 1 


Before collision 













Mass of blue ball 8 kg 
Mass ofred bal | 4K 
Speed of blue ball 3 m/sec 


Speed of red ball 





This is no simple trade-off of 
speed. Table 1 shows the 
values for speed before and 
after the collision. 


The combined speed of both 
balls before collision can be 
figured as follows: 


6 m/sec + 0 m/sec = 6 m/sec 
(blue) (red) 


The combined speed of both 
balls after collision can be 
figured in the same way: 


3 m/sec + 6 m/sec = 9 m/sec 
(blue) (red) 


The first impression you 
might have here is that some 
extra speed, 3 meters per 
second, came from nowhere 
in the middle of the collision. 
But you should be a little 
skeptical about the idea of 
getting something for nothing 
in a collision. After all, in 

the previous collision, you 
did not get any such “bonus” 
speed. 
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6 m/sec 


It seems that changing the 
mass of the bowling balls 
changes the collision. You 
can also see that changing 
the initial speed of the ball 
which hits the one sitting 
still will change the speeds 
that result from collision. 
(Compare figure 9-25 with 
figure 9-26.) 


It appears that something is 
being transferred between 
the objects during collision. 
The amount of whatever is 
transferred depends on both 
the masses and speeds of 
the objects involved. 


Since the transferred property 
is related to both mass and 
speed, a common way to 
analyze it is to examine the 
product of mass multiplied by 
speed. Let’s do this for the 
objects in the second experi- 
ment (the case of the “bonus” 
speed). Now look at Table 2. 


After collision 


Take special note of the last 
line in Table 2. It shows the 
total amount, before and after 
collision, of the product that 

is found by multiplying the 
speed of the objects by their 
mass. As you can see, the total 
amount of this product remains 
unchanged. Perhaps this 
product actually gives the 
value of the property that is 
transferred in collisions. 


A few more experimental 
results would begin to show 
that this result is generally 
true. The new property given 
by mass X speed is neither 
lost nor gained during colli- 
sions. There is no problem of 
“something for nothing,” as 
there was when you added 
just the speeds of both bowling 
balls. 


Once again, you have a 
property which needs a 

name. The accepted name for 
it is momentum, The momentum 
of an object is its mass multi- 
plied by its speed: mass X 
speed = momentum. 


Table 2 


Before collision After collision 
Mass of blue ball 8 kg 8 kg 
Speed of blue ball 3 m/sec 
Mass x speed of blue ball 24 kg-m/sec 
Mass of red ball 4kg 
Speed of red ball 6 m/sec 
Mass x speed of red ball 24 kg-m/sec 


TOTAL 48 kg-m/sec 48 kg:m/sec 
(mass x speed of blue ball 
plus mass x speed of red ball) 





The idea that momentum is TES i YOURS EGE 
neither lost nor gained in a 1. What is momentum? 
collision of objects has to 
be applied with care. In any 
real-life situation, all kinds 
of things interfere so that 


2. When two objects bump into 
each other, is any momentum 
lost or gained? Explain. 


your calculations will not be 3. The speed of a car is 50 
exact. For example, the smallest kilometers per hour. Its mass 
bumps in the path on which (passengers included) is 

an object is rolling will inter- 2,400 kilograms. What is 
fere with your measurements. its momentum? What is the 
The smallest twisting or car’s momentum when its 
turning of the moving object speed is increased to 60 

will also interfere. So will kilometers per hour? 


any imbalance in the mass of 
the moving objects. However, 
the momentum idea is useful 


ao Weve Mie 1 kilogram. Its speed is 17 
general idea of what will 
meters per second. The mass 


neyo se) (uns saloitens! OS twits of the second ball is 1 kilo- 
objects when they bump 


into each other. 


4. Two identical metal balls 
collide on a hard surface. 
The mass of the first ball is 


gram, and it is not moving 
before the collision. 


The momentum of the first ball 
is O after collision. What is the 
speed of the second ball, after 
the collision? 


. One lab cart (A) is at rest. 


Another lab cart (B) bumps 
into it at a speed of 3 meters 
per second. Cart A has a mass 
of 2 kilograms. Cart B has a 
mass of 3 kilograms. 


After collision, cart A has a 
speed of 4 meters per second. 
What will be the speed of cart B 
after the collision? 
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ON YOUR OWN 


Causing collisions 


Battery-charged model cars which run 
on a track can be used to observe the 
effects of speed and mass in collisions. 


You can set up different kinds of col- 
lisions. For example, you can pick two 
cars that have the same mass. (If you 
don’t have an equal-arm balance handy, 
how could you get an idea whether or 
not the cars have the same mass?) Then 
vary the speeds with which the cars 
bump into each other. 


You might also want to observe the 
effect when you change the mass of one 
of the cars. You will have to figure out 

a way to do that. 


By the way, is there any difference 
between collisions that take place on the 
straight part of the track and those that 
take place on a curve? 


lf model cars aren't handy, try the same 
experiments with various small rolling 
objects that you can find. How are the 
speeds of any two moving objects af- 
fected if they do not bump into each 
other on a straight path but at an angle? 


Chapter 10: Using Force 





Suppose you're on a bicycle 
on a nice smooth stretch of 
road. There isn’t a moving 
car in sight. The road is 
clear. The next crossing 

is a good distance off. 


You start to pedal the bicycle 
as hard as you can. You’re 
bent forward. Airis streaming 
past. It’s a great feeling. 


You notice that you’re push- 
ing down on the pedals at a 
fast but steady rate. The 
longer you keep applying 
the same “‘“‘push” to the 
pedals the faster you go. 


Of course, you can’t keep 
speeding up forever. But 

at least for a short while, 
the longer you keep giving 
the bicycle pedals the same 
push, the faster you go. 


The name for a push or a 
pull is force. Force needs to 
be applied to a bicycle to 
start it moving or to change 
its speed when it’s already 
moving. 


Force must be applied to 
anything to change its 
motion. Force and how it is 
related to motion is the 
subject of this chapter. 
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Pushing acar 


Five people are standing 
around their stalled car. The 
driver, a teacher, has just 
remembered that the battery 
is very low. And there isn’t a 
public telephone or service 
station anywhere in sight. 
Now they are going to be 
really late for their field trip. 


Luckily, the car has a stick 
shift. The teacher tells the 
others that they need to get 
the car traveling only about 
15 kilometers per hour. (The 
car is a foreign model with a 
metric speedometer still on 
it.) Then he can put it in gear 
and the engine will start to 
turn over. 


Obviously the car needs a 
push or a pull to get it going. 
Its speed has to be changed 
from the value of zero. The 
driver gets behind the wheel. 
And the other four get ready 
to push the car. The one thing 
they feel thankful for is that 
the car is a small one. If it 
had a larger mass, it would 
be that much harder to push. 


Another thing involved here, 
besides mass, is the change 

in speed required. The teacher 
tells them about a car he once 
had to push that had to get up 
to 25 kilometers per hour 
before it would start. After 
several sweaty minutes, that 
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car was still not up to the 
necessary speed. ‘But don’t 
worry,” he quickly adds. 
“Youdl cetupmomitteen: 

no trouble.” Still he hears 


someone grumble, “Sure, but 
I wish we needed to get to 
only 5 kilometers per hour.” 


The teacher also assures the 
students that, if they stick with 
it, they will soon get the job 
done. Since everyone agrees 
that they should get going as 
soon as possible, they decide 
to try to do the job ina 
minute or less. 


There is a formula which 
can be used to compute the 
force needed to get the car 





moving to a certain speed. 
All three observations of the 
students are involved. 


(1) The more mass an object 
has, the greater must be the 
push, or force, you apply to 
change its speed. (2) The 
more you want to increase 
the speed of an object, the 
greater must be the force 
you apply to get the job done 
in a certain time. (3) But you 
can increase the speed of an 
object the same amount with 
less force—if you apply that 
force for a longer time. 


Check the following formula. 
It shows how these statements 
are related mathematically. 





being pushed or pulled 


( mass of object 





Force = 


‘change in speed 
A ( ae obit 


(time interval object is pushed or pulled) 


(15) x (1000 m) 
(3600 sec) 


15 ket 1000 m , 1 br 


t iz 1586 m m 
1 br 1 ket 3600 sec 








3600 sec Sec 


10:2 This calculation shows how kilometers per hour can be changed to meters 
per second. The units of measure are cancelled and multiplied just as factors ina 





fraction multiplication problem. 


Now back to the stalled car. 
The teacher turns on the igni- 
tion. He is ready to start the 
engine when the car gets to 
the right speed. The other 
four get behind the car and 
begin to push. 


Suppose they are in a scientific 
frame of mind and count off 
seconds as they push. For this 
experiment they should also 
be giving exactly the same size 
push the whole time. As the 
car hits 15 kilometers per 
hour, they have counted off 

30 seconds. With a lurch, 

the car moves on its own. 


We can use the mathematical 
expression for force to get 
an idea of how much force 
the four students were using. 


From the measurements we 
have, we will get the general 
idea of how force, mass, and 
time are related in situations 
such as this. To be completely 
accurate, we would need to 
have more careful measure- 
ments. Some other things we 
would need to take into 
account would be the rubbing 
of the car tires against the 
pavement and any rough spots 
in it. Our calculations will 
give only approximate figures. 


Since the expression for force 
depends on mass, we need to 


know the mass that was 
pushed. The driver’s manual 
says that the car has a mass 
of 880 kilograms unloaded. 
And the teacher knows he has 
a mass of 70 kilograms. So the 
total mass of the driver and 
his car is 950 kilograms (kg). 


The final speed of the car was 
15 kilometers (km) an hour, or 
4.2 meters per second. (See 
figure 10-2.) Since the car 

had been standing still, its 
change in speed is 4.2 meters 
per second. And the time 
interval was 30 seconds. You 
now have all the factors you 
need to compute the force 


used: 
mass X change in speed 





Force = : ; 
time interval 


(950 kg) x (4.2 m/sec) 
(30 sec) 


(3990 kg -m/sec) 
(30 sec) 








3990 kg-m 


sec 
30 sec 


é: 3990 kg-m g 1 
sec 30 sec 
_ 3990 kg-m 
30 sec? 
Bl ookegn 
sec” 


= 133 kg-m/sec* 





= 4.2 ——_=4.2 m/sec 


This result is read as “one 
hundred thirty-three kilo- 
gram meters per second 
squared.’’ Check to see where 
each unit in the result came 
from in the initial values. For 
instance, the first “second” in 
“second’”’ came from the 
speed, ‘’4.2 meters per second.” 


The name given to the unit of 
force in the metric system is 
the newton. One newton is the 
force that must be applied 
each second to a 1-kilogram 
mass to change its speed 1 
meter per second. You can 
write this definition in a 
mathematical way: 


(1 kg) x (1 m/sec) 
(1 sec) 





1 newton = 


= 1 kg-m/sec* 


The four students had to push 
the car with a force of 133 
kilogram-meters per second 
squared—or 133 newtons. 
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Using a truck 
in place of muscles 


What would have happened if 
a tow truck had come to the 
rescue of the five people? The 
truck, with its powerful engine, 
can exert more force than four 
sets of muscles. 


Suppose a truck hitched up 
the car and began to pull, and 
after only 10 seconds the car 
was at the necessary speed 
and could be started. We 

can calculate the force exerted 
by the truck just as we calcu- 
lated the force used by the 
four students. The mass of the 
car and driver is still 950 
kilograms. And the car still 
changed from zero speed to 
4.2 meters per second. 
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mass X change in speed 





time interval 


(950 kg) x (4.2 m/sec) 
(10 seconds) 


_ 3990 kg-m/sec 
~~ (10 sec) 
3990 kg-m 


sec 
10 sec 


_ 3990 kg-m a 1 
sec 10 sec 

_ 3990 kg-m 

PPO sec? 

ee o72 Kem 

sec? 











= 399 kg-m/sec? 


= 399 newtons 





10:3 The car has stalled again. The 
decision is to send it to the repair shop. 


The four students used 133 
newtons to get the car going. 
The tow truck exerted three 
times as much force, and so it 
was able to do the job in 

one third the time. 


The truck was, of course, 

also using its engine to exert 

a force to increase its own 
speed. If you knew the mass 
of the tow truck and its driver, 
you could use the expression 
for force to calculate the total 
force exerted by the engine. 


ES) YOURSELF 

1. Describe force in terms of 
the effect it might have when 
it is applied to something. 


2. What are the three factors 
that affect the amount of 
force needed in a situation? 


3. What is the mathematical 
expression for calculating 
force from the three factors 
in question 2? 





Force and weight 


Besides calculating force, you 
can find how much is being 
applied to something in another 
way. You can use a force 
measurer, which consists of a 
spring inside a narrow box 
with a scale on it. The spring 
stretches when force is applied 
to it. The amount it stretches 
is determined by the amount 
Of tre toree (ieure! 1055) 50 
the scale is calibrated in 
newtons of force. When the 
spring is pulled by the hook, 
the narrow marker moves 
along the scale to the correct 


- force value. 


A force measurer for pushing or 
pulling cars would have to be 
specially made. But if the people 
trying to push the car (pages 
254-55) had hooked such a 
special force measurer to the 
front end of the car and pulled 
on it as hard as they had pushed 
the car earlier, they could have 
gotten a force reading. The 

force measurer would have read 
133 newtons during the 30 sec- 


onds the car’s speed was changing 


from zero to 4.2 meters per 
second. 























10:5 Newton spring scale (force measurer). 
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You can use a more common 
force measurer to measure a pull 
or a push on a smaller object, 
such as a laboratory cart. 


An interesting thing happens 
if the lab cart runs over the 
edge of the table. All of a 
sudden you are standing with 
a lab cart dangling at the end 
of the force measurer. At 

first, the cart might bob 
around on the spring. But 
when you steady it, you will 
notice that the spring is 
stretched inside the force 
measurer. The force measurer, 


in fact, could read about 
12 newtons. 


If you hang other objects on a 
force measurer, you will find 
that each object produces a 
reading on the scale of the 
force measurer. The reading is 
produced in each case by the 
attraction between the earth 
and the object, in other words, 
by the weight of the object. 


When the lab cart causes a 
reading of 12 newtons ona 
force measurer, you can say 
that the lab cart weighs 12 


10-6a_ Ittakes 2.5 newtons of force to pull the cart along 
the table. 


newtons. A lighter cart might 
weigh 10 newtons, and a 
heavier one might weigh 30 
newtons. 


In scientific work, the mass 

of an object is always given 

in grams or kilograms. For 
example, whether you use an 
equal-arm balance here on 
earth or on the moon, an 
object will always have the 
same mass. However, its 
weight, measured in newtons, 
will change. Therefore, in 
scientific work weight is given 
in newtons in the metric system 
of measurement. 


10-6b The pull of gravity on the cart (its weight) is 12 newtons. 








Pola OURSERE 

1. In each of the following 
situations, indicate whether 
a force is acting, and, if 
so, what is exerting the 
force. 


a) A car in a race is going 
from a speed of 160 kilo- 
meters per hour to a speed 

of 165 kilometers per hour 

on a straight stretch. 

b) A stone ts falling off a 
bridge. 

c) A diver is plunging toward 
the water. 


2. A 5-kilogram mass ts being 
pushed with a steady force. 
In 12 seconds its speed goes 
from 3 meters per second to 
9 meters per second. What is 
the amount of the force? 


3. A force measurer for pulling 
carts gives a reading of 
3 newtons as the cart ts 
pulled. When the cart is 
hung by the force measurer, 
it gives a reading of 25 
newtons. What force is each 
of these two readings indi- 
cating? 





ON YOUR OWN 


A truck in tow 4 


For this experiment you will need to borrow a small child’s | 
toy truck. Or you can use a laboratory cart if you have one ih 


handy. You will also need at least one thick rubber band; a ; 
strip of lightweight cardboard about 10-cm long and 1-cm i 
wide; and some small massive objects, such as nuts and < 


bolts, to put into the truck to vary its mass. 


Attach the rubber band to one end of the truck so that you 
can pull the truck by the rubber band. 


Attach the cardboard strip next to the rubber band so that 
it extends out from the truck as shown in the picture. Now 
you're ready to experiment. 


HMR Retry ae 


Pull the empty truck by the rubber band with a steady force 
through a distance of 3 or 4 meters on a flat surface. You 
can judge whether you're pulling on the truck with an un- 
changing force by keeping the rubber band extended the 
same amount the whole time you're pulling the truck by it. 
Put a mark on the cardboard strip at the distance to which 
the rubber band was extended as you pulled the empty 
cart. 


z z 


As you kept pulling with the same force, what kept hap- 
pening to the speed of the truck? Why? 


Then vary the mass of the truck by putting in some nuts and 
bolts or some other small objects. Pull the truck over the 
same distance. Apply the same steady force each time by 
pulling with the rubber band extended the same distance 
each time. 


Do you notice any difference in the way the speed changes 
as you vary the mass of the cart? Can you explain it in 
terms of what you’ve learned about the relationship of 
force, mass, and change in speed? 
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The force that rubs 
the wrong way 


When the four students pushed 
the stalled car, we assumed 
that all their force went into 
rolling the car, slowly but 
steadily, up to the needed 
speed (pages 254-55). 


But what if that car had not 
rolled? What if it had had no 
wheels and axles, but was just 
a car body resting on the 
ground? Would the job of 
pushing such a wreck have 
taken the same amount of 
force as rolling an equal mass 
on wheels? 


The answer seems obvious. Of 
course the wreck without 
wheels and an uneven under- 
side would be much harder 
to push along the ground. 
Extra force is needed to 
overcome what seems like an 
opposing force caused by 

the rubbing of the bottom 

of the car against the surface 
of the road. 


This opposing force, caused 
by the rubbing of surfaces, is 
called friction force. In this 
case, friction between the car 
and the ground would require 
extra force to get the wheel- 
less car to the same speed 

as the wheeled car in the 
same amount of time. 


Just because the force of 
friction always hinders mo- 
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tion, that doesn’t mean it is 
always a problem. For in- 
stance, think of the way you 
walk. You push off from your 
left foot to swing forward 
with your right, push off 
from your right to swing 
your left forward, and so on. 
If your back foot were always 
slipping and sliding, you 
couldn’t get anywhere at all. 
But instead, when you push 
against your back foot, friction 
between your foot and the 
ground occurs. The result: 
your foot doesn’t move until 
you pick it up. 


Different surfaces cause dif- 
ferent amounts of friction. If 
you are walking on ice, for 
instance, you have to adjust 
the push that you apply to 
your back foot when you take 
a step. Otherwise you will 
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10-8 
find out that the slippery 
ice doesn’t give enough 
friction force. Your foot will 
go backwards, and you will 
fall down. 


Why is it that ice or a wet 
sidewalk exerts so little friction 
force and a dry cement side- 
walk exerts so much more? 
Here is one way to look at 
such friction: 


Every surface has little high 
and low spots. Even surfaces 
that look perfectly smooth 

to the naked eye have some 
of these peaks and valleys. 
When two surfaces come in 
contact, their peaks and 
valleys overlap. It is the side of 
each “peak” pressing against 
the side of another “peak”’ 
that causes the resistance. 





10-9 


Naturally, a rougher surface, 
with higher peaks and more of 
them, will cause more resist- 
ance. So the rough concrete 
surface of a dry sidewalk is 
easier to walk on without 
slipping than a wet one. 


Friction opposes the applied 
force on an object, and so 
affects the motion of any 
object. For this reason it is 
important to take friction 
into account when you do 
experiments with motion. 
Some of the force applied to 
change the speed of an object 
will be used up to overcome 
friction between any rubbing 
surfaces. 





10-10 Thehigh points on the rough surface catch each other 
as they are in contact. When a liquid fills in the low points, 
the contact between surfaces is smoother. 
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One way’to cut down on fric- 
tion between surfaces is to 
have them roll past each other 
instead of slide past each 
other. For example, a car with 
wheels is easier to push than 
one without wheels. 


Another way to cut down on 
friction is to apply a lubricant, 
such as oil, to the surfaces that 
must meet. The oil causes a 
floating effect. One moving 
part slides past the other. 


A very thin layer of water 
on a wet cement sidewalk 
produces the same floating 
effect, helping your feet slide 
from under you. You get a 
similar effect when you walk 
Gtice: Aulittle of the ice 
melts under your feet. That 
little amount of water will 
create a floating effect, making 
your feet slide. 


TEOteVOUKSELE 
1. What ts friction? 


2. Give two examples where 
friction is useful. 


3. Give two examples where 
friction is not useful. 


4, How can friction be reduced 
between two surfaces rubbing 
against each other? Name 
fwo ways. 
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paper clip 


Checking out some friction 
You will need the following materials for this activity: 


Small rectangular box Paper clip 
String Flat board or a large tray 
Rubber band 


Tie one end of the string around the box. Leave a loose 

end of about 10 cm. Tie the rubber band to this end. Hook 
the paper clip onto the other end of the rubber band. Then 
drag the box across the flat surface by pulling on the clip. 


The amount that the rubber band stretches indicates the 
relative force exerted on the box and the relative opposing 
force of friction between the box surface and the other 
surface. By the way, how could you measure the amount 
the rubber band stretches? 


Try this experiment with the box sliding on its bottom, its 
side, and its end. Does the area of contact have an effect on 
friction force? Don’t bet on your answer without trying it. 


Next, moisten the flat surface on which you have been 
pulling the box. Repeat the experiment. Notice the amount 
the rubber band stretches this time. Is there a difference 
from the first experiment? If so, can you explain why? 


Forces on the straight and narrow 


Force changes the momentum 
of an object by changing its 
speed. Another way to look at 
force is as a push or a pull 

on an object. But what about 
the times you know you are 
pushing or pulling, but there 
is no speed at all? 


There are many situations like 
that. One is tugging at the 
leash of a dog who insists 
on tugging in the opposite 


10-13 


direction. Another is trying 
to push a stopped truck. No 
matter how hard you push, it 
doesn’t move. 


What is happening when a 
force doesn’t seem to cause 
any change in speed? Look at 
the familiar example of a tug- 
of-war. The teams are pretty 
evenly matched. Suppose you 
are on the team at the right. 


You can see and feel that your 
team is exerting a force to 

the right on the rope. But you 
can also see that there is no 
change in the motion of your 
team, the rope, or the other 
team. (Turn the page for figure 
10-14.) 
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10:14 Anevenly matched tug-of-war. Let’s assume that each ce arrows represents this 400 newtons. Since there are 


person on each team is exerting just about the same force, 6 people on each team, the total force each team is exerting is 
about 400 newtons. In the diagram on the photo, each section 2400 newtons. 
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10-15 Anunevenly matched tug-of-war. Each section of the an extra person on that team. The team on the right is still 
force arrows again represents 400 newtons. But this time the exerting 2400 newtons. 

team on the left is exerting a force of 2800 newtons. There is 
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Now look at the tug-of-war 
from the point of view of the 
people on the other side. Their 
team is exerting a force to the 
left, and they, too, see no 
change of speed. 


It looks as if the rules that 
govern force are suspended in 
this tug-of-war. But if you 
look at the big picture, you 
must take into account that 
two forces are being exerted 
on the rope at once: your 
team’s and the other team’s. 
They are equal in size, but 
opposite in direction. These 


forces are represented by arrows. 


When the two force arrows 
are moved together, you can 
see the way they “cancel” 
each other out. It seems that 
equal forces on a straight 

line and in opposite directions 
create the same effect as no 
force at all. 


You can put this information 
to use. For instance, if the 
rope is not moving, and you 
know the total force being 
exerted by the team on the 
left, you also know the total 
force being applied by the 
team on the right: It is equal 
to the force of the left-side 
team. When the center of the 
rope moves to the left, you can 
see that the left side has begun 


to exert a greater force than the 
right side. 


Arrows can be used to rep- 
resent the forces on any object. 
The length of the arrow can 
represent the amount of the 
force in newtons. The direc- 
tion of the point of the arrow 
shows the direction of the 
force. You can use arrow 
drawings to help analyze 
combinations of forces acting 
on an object. 


Which of the arrow diagrams 
in figure 10-16 represents the 
forces in an evenly matched 
tug-of-war? 


In which situations in figure 
10-16 are the two opposing 
forces not evenly matched? 
Which side is winning (ap- 
plying more force)? 

In these diagrams, one milli- 


meter of arrow length repre- 
sents 50 newtons of force. 


Therefore, a 5-millimeter-long 
arrow would represent a 
250-newton force and a 10- 
millimeter arrow a 500-newton 
force. 


You could use the arrows to 
find the amount of force that 
the losing side needs to 
match the winning side in 
each of the unmatched situa- 
tions in figure 10-16. First, 
find the length of the arrow 
of the winning side. Then find 
the length of the arrow of the 
losing side. Then find the 
difference in length. 


Subtract the length of the 
shorter arrow from that of the 
longer arrow. Multiply this 
difference by the scale, in this 
case, 50 newtons per milli- 
meter. You will then have the 
extra amount of force that 

the losing side has to exert to 
catch up with the winning 
side. 
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10-16 Each 5mm of arrow length represents 250 newtons of force. 
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10:17 The weight of the box of books exerts a downward force on the girl’s arms. 
Her arms exert an upward force on the books. Both forces are equal. The box of 
books is not moving. Each section of the force arrows represents 40 newtons. 
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The person in figure 10-17 is 
having a different kind of 
tug-of-war. The pull of gravity 
on the box is one team. The 
girl is the other team. Gravity 
causes a downward pull on 
the rope, while the force 
exerted by the girl creates 

an upward pull on the rope. 


TEST YOURSELE 
Draw force arrows to represent 
each of the following situations: 


1. One team of a tug-of-war is 
exerting a force of 1500 
newtons. The other team ts 
exerting a force of 2000 
newtons. Have your force 
arrows divided into equal 
sections. Have each section 
equal 500 newtons. 


2. Aman who weighs 900 
newtons is attached by rope 
to a painting scaffold from 
which he has slipped. 
Represent the force on the 
scaffold and the rope’s force 
on the man. Have each 
section of your force arrows 
equal 300 newtons. 


3. A girl is standing on a spring 
scale. The scale shows a 
reading of 550 newtons. 
Represent the downward 
force on the scale. Have 
each section of your force 
arrow equal 50 newtons. 





Forces at an angle 


Suppose a third, slightly 
larger team wants to challenge 
two tug-of-war teams. The two 
smaller teams decide to work 
together against the larger 
team. So three ropes are 
knotted at the center and each 
team pulls. The slightly larger 
team manages to balance both 
the smaller ones. 


Notice though, that the smaller 
teams are at a small angle to 
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each other. You can use force 
and direction arrows to find 
out the effect this angle has 
on the force these two teams 
actually exert against the 
larger one. 


First, you need to draw an 
arrow to show the strength 
and direction of each team’s 
force (figure 10-19). A scale 
is used to relate the length 
of arrow to the amount of 


force. The direction of the 
arrows can be indicated in 
degrees or according to com- 
pass points. The three arrows 
should all start at the point 
where the pulling force is 
being applied: the knot. 
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Taking the forces of the two 
smaller teams, you can next 
draw a parallelogram with the 
two shorter arrows as adjacent, 
or touching, sides. A parallelo- 
gram is a 4-sided figure with 
opposite sides parallel. But 

the inside corners need not 

be 90°. 


If you draw a diagonal in the 
parallelogram as shown in 
figure 10-19, what is the size 
and direction of the force such 
a line could represent? What 
is the size and direction of the 
force exerted by the third, 
larger team? 


The force exerted by the two 
smaller teams together must 
be equal and in the opposite 
direction to the force of the 
third team, since these forces 
balance. (There is no motion.) 


The diagonal in a parallelo- 
gram formed by two force 
arrows represents the com- 
bined force and resulting 
direction of two forces working 
together at an angle to each 
other. In this case, it’s the 
combined force and resulting 
direction of the two smaller 
teams against the larger team. 
This method of diagraming 
forces working together but 
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at an angle to each other is 
called the parallelogram method 
of force addition. 


You can use arrow drawings 
and the parallelogram method 
in the same way to find where 
the boy in figure 10-21 is 
going. He works for a dog- 
walking service and is being 
pulled in two directions at the 

















same time. If, on the scale 

of your diagram, each section 
represents 100 newtons, you 
can use the parallelogram 
method to add the forces of 
the two dogs and find the 
size and direction of the total 
force on the boy. He will have 
to pull backwards with that 
much force to avoid disaster. 


10:19 A parallelogram of the three- 
way tug-of-war shown in figure 10-18. 
Each section of the force arrows 
represents 400 newtons. Each of the 
Smaller teams is pulling with 1600 
newtons in its own direction. However, 
the combined effect of the two smaller 
teams against the larger one is only 
2400 newtons. This resulting force is 
shown by the dotted force arrow. In 
this case, the resulting force of the two 
smaller teams exactly balances the 
force exerted by the larger team. The 
force of the larger team is represented 
by the gray force arrow. 
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10:20 Aparallelogram of the two dogs 
pulling against the boy in figure 10-21. 
Each section of the force arrows repre- 
sents 100 newtons. Each dog is pulling 
with a force of 300 newtons in its own 
direction. But the combined effect of 
the two dogs against the boy is only 300 
newtons. This resulting force is repre- 
sented by the dotted force arrow. The 
boy will have to pull back with 300 
newtons of force if he doesn’t want to 
be pulled into the tree. This force is 
represented by the solid force arrow 
pointing away from the dogs. 


10:21 Another three-way tug-of-war. 
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10-22. 


Heol YOURSELF 


1. For each of the situations in 
figure 10°22, what is the 
direction and amount of 
force resulting from the two 
smaller forces working against 
the third larger force? 


2. Why does it take more 
muscular effort to lift your- 
self with your hands far apart 
on a chinning bar than with 
your arms straight up? 
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A battle over a can of soup 


For this experiment you will need a big can of soup, or 

a can of anything else; about 45 cm of smooth lightweight 
string; and some small massive objects such as nuts and 
bolts. 


_Cut and tie the string as shown in the picture. You will have 


three strands of equal length tied together in one spot. 
Attach different masses at the end of each strand. Then 
drape the whole thing over the top of the can. How do you 
have to spread out the strands so that the whole thing 
doesn't start sliding off the can? 


The force of gravity is acting on each hanging mass. So 
what you have going on are opposing forces pulling on the 
top of the can. 


Experiment a little farther. Increase or decrease the force 
exerted at the end of each string by changing the masses. 
How do you have to change the angle between the strands 


of the rope so that you keep the forces in balance? 


Chapter 11: Doing Work 





On docks by the ocean or by 
a major lake or river, you'll 
often see a lot of “work’”’ 
going on. Workers use big 
cranes to load and unload 
the ships. In addition to 
strong steel beams, the 
cranes have pulleys and 
ropes, and motors to drive 
them. For lighter loads, the 
workers will sometimes use 
ropes and pulleys, but 
operate these with their 
own muscles. 


Dockworkers also use the 
gangplank of the ships to 
raise things gradually up to 
the deck. And the crowbar 
the inspectors use to open 
crates also helps with work. 


At one time or another, you 
have probably used devices 
like these to get some kind 
of work done. This chapter 
is about a specific kind of 
“work” and the way things 
such as pulleys, gangplanks, 


and crowbars make it easier. 





How to lift a small elephant 
single-handedly 


On a trip to the docks, suppose 
you and some friends happen 
to see workers unloading a 
shipment of zoo animals. The 
workers are using a crane for 
the huge cages. Then suddenly 
the crane motor breaks down. 
Since it’s lunchtime anyway, 
the workers leave. However, 

a baby elephant still on the 
deck of the ship needs to 

be lifted to the truck that 

will carry it away. 
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Before you start deciding with 
which hand to lift the elephant, 
you need to take a good look 
at the elephant. It is an ordi- 
nary baby elephant, weighing 
in at only 3000 newtons. As 
elephants go, it’s a real runt. 
But to lift it is another matter. 


You could get nine friends to 
help. Then there would be ten 
of you to share the load. And 
each of you would have to lift 
only 300 newtons. 
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You could see this more 
clearly if each of you held 

the elephant by ropes to 
which force-measuring devices 
are attached. Each measuring 
device would read 300 new- 
tons. And if there were twenty 
of you to lift the elephant, 

it would be even easier—if 
you could find enough room 
to stand around the elephant. 


Having your friends help is 
only one way to share the 

load and lift the elephant. 
There is another way to do it. 
What you need is some way to 
hold up the elephant with 
some other kind of support. 


You saw that you could 
support the elephant by 
hanging it from ten ropes. 
Why not run just one long 
rope from a hook on an 
overhead beam to the ele- 
phant, to beam, to elephant, 
and so on, through six beam 
supports and five hooks on 
the elephant? 


Then by pulling the end of the 
rope, you will be pulling the 
1ope up at each of the five 
hooks on the elephant. The 
six hooks on the beam will 
only give support and change 
the direction of the pull. 





There will be a great deal of 
friction as you pull on the 
rope and it rubs against the 
hooks. The only place where 
this doesn’t happen is at the 
first hook. At that one the 
rope doesn’t slide through 
since it’s tied down. Here you 
don’t have to cut down on the 
friction. But you do have to 
cut down on it at all the other 
contact points. 


An easy way to do that is to 
substitute a wheel for each 
of the hooks through which 
the rope is pulled. A wheel 
used to guide a rope in this 
way is called a pulley. 


Most pulleys are built to be 
used in either of two ways— 
as moving or as fixed pulleys. 


4 Meter 


In this case, the pulleys on 

the elephant are used as 
moving pulleys. They are 
given this name because they 
are lifted as the object is lifted. 
The pulleys attached to the 
beam are used as fixed pulleys. 
They do not move up or down 
with the object. 


As you pull on the rope by 
yourself, the whole rope 
receives your force. Since the 
rope is free to move through 
all the pulleys, it exerts your 
force evenly, all along its 
length. Each uplifting rope 
applies your force to a moving 
pulley on the elephant. In this 
way the force you apply is 
multiplied by the number of 
uplifting ropes, 10 in this 
case. If you exert a force of 











11:3. The pulley attached to the beam 
is afixed pulley. The pulley attached 
to the box is amoving pulley. There are 
two uplifting ropes in this photo. 
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300 newtons, your force, 
applied by each of the 10 
uplifting ropes, will exert a 
total force of 3000 newtons 
on the elephant. 


At the same time, the length 
of rope that you pull comes 
equally from each of the up- 
lifting rope sections. The end 
of each uplifting rope on the 
little elephant is raised the 
same amount. So the distance 
you pull out on the rope is 
divided equally among the 
ten uplifting ropes as they 


go up. 


If you pull 10 meters of rope 

at your end, the moving-pulley 
end of each uplifting rope 

will rise 1 meter. And the 
elephant will rise with them— 
iimeter: 


You pull 10 meters of rope to 
lift the elephant 1 meter off 
the ground. But you apply 
only 300 néwtons of force 

to lift the 3000-newton ele- 
phant. So the force you use is 
effectively multiplied ten 
times. But the distance the 
elephant moves is only 10 of 
the distance you pulled on 
the rope at your end. 
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An important point should be 
mentioned here. If you were 
to do this experiment or a 
similar one, you would find 
that your results would not 


come out in nice round figures. 


Some of the force you apply 
to your end of the rope will 
be lost to overcoming friction. 
In this case of lifting the 
elephant with all these pulleys 
at what points do you think 
friction would be interfering? 


TEST@ YOURSELE 

1. Why was it easier to lift the 
small elephant when there 
were ten uplifting ropes as 
shown in figure 11-2b than if 
there were only one uplifting 
rope? 


figure 11-4. 


. Do you think it would take 





Examine the diagram in 


a) Which pulleys are moving 
pulleys and which are fixed 
pulleys? 

b) How many uplifting rope 
sections are there in this 
diagram? 










more or less force to lift the 

object as shown in figure 11-4 
if hooks were put in place of 
all the pulleys? Explain. 


What have you done? 


Now you can let the elephant 
down while you think about 
what happened during this 
exercise. 


The job at either end can be 
described as a force acting 
over a distance. The distance 
at your end is the distance you 
pulled on the rope. The dis- 
tance at the other end is the 
distance the elephant is 

raised. The force at the ele- 
phant is its weight, 3000 
newtons. Gravity is pulling 





down on the elephant with 
3000 newtons of force. And 
you found that at your end, 
oe as much force, or 300 
newtons (N), was needed to 
raise the elephant against 


the pull of gravity in this case. 


One way of evaluating the job 
that is done at each of these 
places would be to multiply 
the amount of force applied 
times the distance over which 
it is applied. The job done 

by you would then be: 


300 N x 10 m = 3000 N-m 


The job done on the elephant 
would be: 


3000 NX 1am = 3000 N-m 


This product of force times the 
distance through which the 
force acts is the scientific 
definition of work. The unit of 
work in the metric system is 
the newton-meter. That is what 
you get when you multiply 
newtons of force times meters 
of distance. 


When you multiply force times 
distance for the elephant, and 
force times distance for your 
end of the rope, the results are 
the same. This observation 
shows that the work done at 
your end of the rope is equal 
to the work done on the load, 
in this case, the elephant. 


Work in the scientific sense is 
special in that it is limited to 
moving objects. If you try to 
push a stalled car without 
budging it, you may think of 
it as a lot of work. But the 
force is not applied over a 
distance: it is applied only 

at the one point of the un- 
moving car. Trying to raise a 
window that is stuck and 
holding a heavy load of books 
are also examples of forces that 
do not do this kind of work. 
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Go 


What force are you over- 
coming when you lift an 
elephant, or when you lift 
anything else? 


. What is the scientific defi- 


nition of the term ‘‘work’’? 


. In which of the following 


cases is work being done? 

a) A person ts trying to move 
a piano. The piano won't 
budge. 

b) Another person is applying 
a great deal of force to a 

car which is moving very 
slowly. 

c) A child playing with a 

toy truck is pulling it with 

a string that is attached to 
the child's finger. 


If a 75-newton block must be 
raised to a height of 5 meters, 
how much work must be done 
on the block? 


If you lift a 15-newton box 
2 meters, how much work 
have you done? 
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ON YOUR OWN 
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ELLIE 


A broom as a person pulley 





Tie one end of a rope to a strong hori- 
zontal bar and loop it back and forth 
around a horizontally held broom handle 
as shown. Have someone hold onto 

the broom handle. Try to lift that person 


by pulling on the free end of 


the rope. 


Experiment with different numbers of 


supporting ropes. Is it easier 


to lift the 


person with fewer or more supporting 
ropes? Notice how the distance you have 
to pull on the rope varies with the 


number of supporting ropes. 


If you're not getting the results you 
expected, could friction be interfering? 


If so, where? And how could 
down on it? 


you cut 


Input versus output 


Suppose you wanted to lift a 
box of gym equipment weigh- 
ing 1200 newtons to a height 
of 4 meters. You would have 
to do 4800 newton-meters of 
work to do the job. (1200 N x 
4 m = 4800 N-m of work.) 


You could use one moving 
pulley with two uplifting ropes 
on the load. Then consider the 
rule you learned with the help 
of the elephant. It tells you 
that you would need half as 
much force (600 newtons) and 
twice as much distance (8 
meters of rope pulled) to do 
the job. (600 N xX 8m = 

4800 N-m of work.) 





But what happens when you 
increase the number of up- 
lifting rope sections to three? 
How is the force requirement 
changed? How is the distance 
you have to pull on the rope 


Table 1 


Number of up- § Force you 
lifting rope apply to rope 
sections (newtons) 





changed? Check the table 
below to find the force and 
distance requirements for 
the 4-, 6-, 12-, and 100-rope 
pulley systems. 


_ 


Rope to be Weight Distance 
pulled of load load is 
(meters) (newtons) | lifted 


(meters) 
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What answer do you get for 
each pulley-and-rope system 
when you multiply the force 
applied by the distance of 
rope that is to be pulled? For 
example, how does 400 new- 
tons X 12 meters compare 
with 600 newtons X 8 meters? 
Note that this product of 
force times distance is the 
same for all the examples. 


The amount of work that must 
be done at the free end of the 
pulley rope is the same for 
each pulley-and-rope system 
used. In other words, each 
pulley-and-rope system is to 
lift the same weight the same 
distance. This work done at 
the free end of the rope by 
you or someone else pulling 
on it is called the work input. 


The amount of work that is 
done on the equipment box 
can be found in a similar way. 
Multiply the force acting on 
the box (its weight, 1200 new- 
tons) by the distance through 
which the box moves (4 
meters). The work done on 
the equipment box is the 
work output. In this case, it is 
4800 newton-meters for each 
pulley-and-rope system. 


Note that the work input equals 
the work output, no matter 
which pulley system is used. 
In a general way, this idea 
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that work input equals work 
output holds true whenever 
force is applied to move 
something. 


However, friction does inter- 
fere. In pulley systems there is 
friction between the rope and 
the pulley wheels. For the 
time being, let’s think of the 
present cases as ideal ones. 
We'll get into the effects of 
friction a little later. But 

from what you already know 
about friction, how do you 
think it might affect the work 
output of these pulley systems? 


By using the idea that work 
input just about equals the 
work output, you can design 
pulley systems to do work 
any way you want it done. 
You start out with an object 
of a certain weight to lift 
through a certain distance. 
If you want to pull with a 


Number of 


at free end 


force equal to only 1/4 the 
weight of the load, divide the 
weight of the load by 4. To 
divide the weight with a 
pulley-and-rope system, you 
will need 4 uplifting ropes. 


With the 4 uplifting ropes, 
you will have to pull 4 times 
farther on your end of the 
pulley rope than the load is 
to be raised. So multiply the 
distance you want to lift your 
load by 4 to find out what 
distance you will have to pull 
on the free end of the rope. 


This relationship of work 
input, work output, and the 
number of supporting ropes 
in a pulley system can be 
stated mathematically. You can 
use the formula below for any 
situation in which you need to 
use a pulley system to lift 

a load. 


Distance force 


_ Weight of load _ applied at free end 
supporting ropes force applied 


- Distance weight raised 





TEN kN 


BEST VOURSELE 

1. A 2500-newton refrigerator- 
freezer is to be lifted by 
means of pulleys and ropes. 
There are 5 uplifting ropes 
in the system. 


a) How much force must be 
used? (Assume no friction.) 

b) How much rope must be 
pulled to raise the box 4 meters 
off the ground? 

c) What is the work input? 

d) What is the work output? 


2. A weight is being lifted by 
means of a rope-and-pulley 
system. Three pulleys are 





11-8 A pulley system on a construction crane. 








attached to the weight, and 
three are attached to the 
ceiling. 


a) Describe or draw the 
pulley system, including 
fixed and moving pulleys and 
the path of the rope. 

b) How many uplifting ropes 
are there in the system? 

c) If the weight of the object 
to be lifted is 1400 newtons, 
and the end of the rope is pulled 
18 meters, what is the work 
output? (Assume no friction.) 


11-9 Pulleys on a sailboat. 


3. A person wants to hoist a 
5000-newton generator by 
using a motor to pull on the 
rope. The motor can exert 
only 500 newtons of force. 


a) Design a pulley-and-rope 
system to solve the person’s 
problem. 

b) How many uplifting ropes 
does the system have? 

c) How many fixed pulleys? 
d) How many moving pulleys? 
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A machine can be very simple 


There are other systems 
besides pulleys which aid in 
doing work. The idea behind 
these other systems is the 
same as for pulleys: They 

can help lift a load with a 
smaller force than would be 
necessary if the load were to 
be lifted by hand. But with 

all these systems, the smaller 
force must be applied through 
a longer distance to get this 
benefit. For example, if an 
object that weighs 600 newtons 
is to be raised 1 meter, you 
can use less than 600 newtons 
of input force if you can 
apply the input force over 
more than 1 meter. 


The advantage is that these 
systems require less input 
force. But do they, in scientific 
terms, “save” any work? Or, 
in other words, would it be 
possible to raise a 600-newton 
weight 1 meter by using less 
than 600 newton meters of 
work? 


The force-saving devices are 
called simple machines. A 
pulley is one kind of simple 
machine. The reduction in 
force in a pulley system 
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depends on the number of 
uplifting ropes, which in turn 
depends on the number of 
pulleys. 


Other kinds of simple ma- 
chines multiply the input 
force in different ways. You 
will see as you study them, 
though, that they share with 
the pulley the principle of 
lessening the input force. 


The lever, or “‘lifting the world” 


The ancient Greek philosopher 
and inventor Archimedes is 
supposed to have said, “Give 
me a place to stand on, a 

lever long enough, and I will 
move the earth.” 


King Hiero, according to leg- 
end, commanded Archimedes 
to explain his boast. Archi- 
medes did that. He placed 
one end of a long iron bar at 
the bow of a ship that was 
ready to be launched. Then he 
told King Hiero himself to 


11-10 
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11-11 The girl cannot lift the tree stump without the lever. Note how far the long arm of the lever goes down to barely lift 





the stump off the ground. . 
push lightly on the long end 
of the bar. As King Hiero did a 
so, the other end of the bar D 
caused the ship to slide into 4 
the water. > 

2 
The name for a bar used in be 
this way is a lever. A seesaw 500 N bt 
hinged off the center uses y | 


the same principles as the 
lever that Archimedes used. 
As an example, suppose a 
3-meter seesaw board is 
placed on a pivot at a point 
2 meters from one end and 11-12a | 
1 meter from the other end. 1 
(This pivot point on a lever 
is called its fulcrum.) The 
long end, in this case, is twice | 
as long as the short end. So i] 
the ratio of the long side to 
the short side is 2 to 1. 

















Notice the distance and the 
direction that the long end 
rises when the short end falls 


0.5 meter (figure 11-12). How ee 
11:12b 
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does the ratio of these dis- 
tances moved compare to the 
ratio of the lengths of the 
sides? 


Suppose two students whose 
combined weight is 1000 
newtons are on the short 

end of the seesaw. The work 
output, in lifting them off the 
ground, is 1000 newtons x 0.5 
meter = 500 newton meters 
(figure, 112): 


Once you know these figures 
for the work output, you can 
find out how much input force 
you needed to get these 
results. With this lever, the 
ratio is two to one. The two 
students were lifted 0.5 meter, 
so the long end had to go 
down twice that, or 1 meter. 


The seesaw is a lever. The 
lever is a simple machine. 
And with simple machines 
work input will just about 
equal work output, if there 
aren’t too many parts rubbing 
against each other causing 
friction. The seesaw board is 
touching its pivot at just one 
small spot, so friction isn’t 
much of a problem here. So 
the work input = work output 
idea of the simple machine 
should hold true. Table 2 
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Table 2 


Lever Work Input = Work Output 


Force applied x Distance through which 


to long end long end moves 
(newtons) (meters) 
500 N x 1m 
? x 1m 
& x 1m 


shows how this idea works on 
our 3-meter seesaw when the 
weight on the short end is 
changed. 


By the way, you could have 
gotten these same results in 
the first example if, instead of 
pushing down on the long end 
of the seesaw yourself, you 
had put a 500-newton weight 
on that end. 


TES) YOURSELE 

1. Describe or draw a diagram 
of a lever system. Include the 
location of the long arm, 
short arm, fulcrum, and load. 


2. A 5-meter-long lever has a 
long arm of 3 meters and a 
short arm of 2 meters. A 60- 
newton weight is put at the 
tip of the short arm. What 
weight (in newtons) will have 
to be placed on the tip of 
the long arm to raise the 
60-newton weight 2 meters? 





= Weight x Distance weight 
lifted is lifted (meters) 
(newtons) 

= 1000N x 0.5m 

= 800N_ x 0.5m 

= 600N x 0.5m 


3. A 4-meter-long lever has a 


1-meter arm and a 3-meter 
arm. A 500-newton weight is 
at the end of the short arm. 
Another weight is put at the 
end of the long arm. That 
weight balances the 500- 
newton weight up through 
0.5 meter. What will that 
weight have to be? Give it 
in newtons. 


ON YOUR OWN 


Meeting on a meter stick 


Hold a meter stick hori- 
zontally on your two out- 
stretched index fingers. 
Move your index fingers 
slowly toward each other 
keeping the meter stick level. 
Where on the meter stick do 
the fingers meet? Will they 

- meet at another point if they 
are started at the 5-cm and 
-60-cm marks? 


Where will they meet if dif- 
ferent frictional materials 

_ are used instead of fingers, 

_ such as a large rubber eraser 
under one end and a metal 

_ fod under the other? 






ON YOUR OWN 





Make a mobile 


A mobile is a combination of many 
levers. Make one using several sticks, 
strings, and common masses such as 
tin cans, baseballs, phonograph records 
—anything you want. 


Attach each object to a string. Tie one 
object to each end of every stick. Then 
tie the sticks to each other in one of the 
combinations shown in the picture. 

Or make up your own combination. 
Then hang the whole mobile by one 
string. 


All the sticks by which the different 
objects are hanging should be parallel 
to the ground. 


Explain how each one of the horizontal 
sticks is working as a lever. 
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A new slant on work 


The manager of the two 
salespeople in figure 11-14 

has told them to display a 
mini-bike on a meter-high 
platform. The weight.of the 
bike is 600 newtons. They 
would rather not lift it straight 
up. A mechanical labor-saver 
would be handy. 


They reason that, if a longer 
route to the platform can be 
used, they won't have to apply 
as much force to do the 
necessary work. Looking 
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around, they spot a board 
left over from a carpentry 
project, and they decide to 
use that board as a ramp. A 
ramp used in this way is 
called an inclined plane. 


To find the force the sales- 
people used, you must know 
how much work they had to 
do. It takes 600 newton- 
meters of work to lift a 600- 
newton mini-bike 1 meter 
straight up. If you roll it up 
a 3-meter inclined plane, the 


work is still 600 newton- 
meters. The input force used 
can be figured out as shown 
in Table 3. (Ignore the small 
amount of friction in the mini- 
bike wheels and between the 
ramp and the bike.) 


How are these results similar 
to those you would get with a 
pulley or a lever? 












2 meters 











11-15 





Inclined Plane 


Table 3 


Force applied to 


push mini-bike Distance 
up ramp pushed 
(newtons) (meters) 

? 3m 

200 N 3m 


x 

i sae ees ee COON Sex 1m. 2 
x 
x 


eS ie YOURSELF 
1. What is an inclined plane? 


2. Suppose you push.a grocery 


cart weighing 200 newtons up 
a 3-meter ramp. The top of 
the ramp is 1 meter off the 
ground. 


a) What is the work output in 
moving the cart 1 meter off 
the ground? 

b) What is your work input 
in pushing the cart up the 
ramp?. (Ignore any effects of 
friction.) 


Work Input = Work Output 





Weight of Distance 
mini-bike lifted 
(newtons) x (meters) 
600 N x 1m 
600 N-m 
600 N-m 





c) What force must you 
apply to push the cart up the 
ramp? 


. The floor of a truck is 1.5 


meters high. Workers are 
loading 250-newton cases of 
canned goods into the truck 
using a cart. If the workers 
use a 4.5-meter ramp up to 
the floor of the truck, how 
much force will they need to 
push 5 cases on a 100-newton 
cart? 


t. A motor is being used to 


wind up a rope that pulls 
objects up a frictionless ramp 
to a height of 2 meters (see 
figure 11°15). If the length of 
the ramp is 6 meters, and the 
motor can pull with a force 
of 550 newtons, what is the 
maximum weight that can be 
hauled up the ramp with 

this motor? 
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The “Wake-Up” 
Machine 


1. The alarm goes off. 
That’s a cue to the bird. 
The result... the hammer 
hits the lever and the chair 
pops up. 


2. The feet of the dozing 
inventor kick up, tilting the 
see-saw. 


3. The baseballs roll off 
the see-saw, plop through 
a funnel, and hit a blue 
lever, which flips ping- 
pong balls from the pink 
bucket. 


4. The baseballs bounce 
on the green lever, which 
makes the purple lever 
smack the ping-pong balls 
up the ramp. 


5. Thered pan tilts, the 
purple bucket tilts, and 
presto... the “wake-up” 
machine does its job! 
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The advantage of 
simple machines 


There is a definite advantage 
to rolling the mini-bike up the 
ramp. The people have to use 
much less force on the bike to 
do the required work. There is 
a similar advantage to using 
pulleys or levers to lift a 

load. 


The force-reducing ability of a 
simple machine is called its 
mechanical advantage. This 
advantage can be found by 
dividing the force on the 

load (force output) by the 
force applied by whatever is 
moving the load (force input). 


Consider, for example, the 
case of the elephant (page 273). 
Gravity was pulling on it with 
a force of 3000 newtons. But 
you could use a force of only 
300 newtons on the rope to 
raise the elephant. Therefore 
the mechanical advantage of 
that pulley was 10 to 1: 


Force output 3000N _ 10 





300 Niel 


Force input 


You can also find the me- 
chanical advantage of a simple 
machine by dividing the 
distance through which the 
input force (your push or 

pull) is applied by the distance 
the load is lifted. For instance, 
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the mini-bike was pushed 3 
meters, but it was lifted off 
the ground only 1 meter. 
Therefore, the mechanical 
advantage of this ramp, or 
inclined plane, was 3 to 1: 


Distance input force 


is applied 1 
Distance weight 1m _ 1 
is lifted 


Wave MOIR ARS 

1. What is the mechanical ad- 
vantage of a pulley system 
which has 6 supporting ropes? 
With this system, you have 
to apply a force of 3 newtons 
to lift an 18-newton object 
1 meter. 


2. What ts the mechanical 
advantage of a pulley system 
which has 5 supporting ropes? 
With such a system you 
could lift a 25-newton object 
with only a 5-newton force. 


3. A board 4 meters long was 
lifted at one end to a height 
of 2 meters to form an in- 
clined plane. What is the 
mechanical advantage of this 
system? 


Lost work 


In all of the examples of 
simple machines, we did not 
take friction into account. But 
the pulley ropes rub on their 
wheels, the levers rub on their 
fulcrums, and the objects being 
pushed up ramps rub on the 
ramps. The result is a friction 
force that acts against the 
movement of the load. This 
force keeps part of the work 
input from actually working 
on moving the load. Only in 
an “‘ideal,”’ friction-free situa- 
tion can we say that the work 
input equals the work output. 


In any ordinary real-life 
situation some of the work 
input is always used to over- 
come friction. To make up 
for this loss, you always have 
to put somewhat more work 
in than the machine puts out. 


Often this work loss has a 
great effect on the way a 
machine does its job. By com- 
paring the measured work 
output to the measured work 
input, you can determine the 
efficiency of any machine. 
Efficiency is calculated with 
this formula: 





actual work output 


eae actual work input 


This formula can be used for 
simple machines such as 
pulleys, levers, and inclined 
planes (figure 11°17). Notice 
that the efficiency of each of 
the simple machines is given 
in a percentage. 


For example the pulley in the 
drawing has an efficiency of 
75 percent. This means that 
only 75 percent of the work 
done at the free end of the 
rope was used to lift the box 
at the other end. The remain- 
ing 25 percent of the work 
input was used up overcoming 
friction. Study how the effi- 
ciency values were computed 
for the other example. 


The formula for efficiency 

is also used by engineers who 
design complex machines, 
made up of a lot of simple 
ones. Even before a complex 
machine is built, the engineer 
can often estimate how much 
friction there will be. The 
types of material used and the 
points of contact between 
moving parts give the engineer 
an idea of how much loss to 
friction to expect. Once the 
complex machine is built, 

the engineer can use the 
formula for efficiency to 
calculate how well the machine 
works. 





actual work output 
actual work input 


__ 1000N x 3m 
™ 200N x 20m 


_ 3000 N-m 
~ 4000 N-m 







Efficiency = 





Deol SYOURS Elst 


1, An 850-newton weight is 
lifted to a height of 2 meters 
with a pulley. The person 
pulling at the free end of the 
rope has to pull with a force 
of 200 newtons for 10 meters 
of rope. 

a) What is the work output? 
b) What is the work input? 

c) What is the efficiency of 

the pulley? 


2. An electric motor is used to 
haul packages up an inclined 
plane. The motor is rated for 
lifting a load of 500 newtons 
straight up. The top of the 
inclined plane is 2 meters 
high. The people using the 
setup have found that any 
package over 4000 newtons 
stalls the motor. The ramp 
itself is 18 meters long. 





~ 


actual work output 
actual work input 


__ 360N x 2m 
~ 80N x 10m 


_ 720N:m 
~ 800 N-m 


eos 
10 


= 90% 


Efficiency = 




















a) This is not an ideal system 
due to friction. What is the 
efficiency of this inclined 
plane? 

b) How much of the actual 
work input was lost to 
friction? 


3. A motor with a 150 newton 
rating is used with a 10 meter 
inclined plane. A package 
weighing 600 newtons ts 
placed on the inclined plane 
and lifted 2 meters. 


What is the efficiency of 
this system? 
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pulleys. These small (10-cm 


to 20-cm high) useful pulleys 
are beautiful objects of art. 
Note the finely detailed 


sculpture. 
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ON YOUR OWN 


Moving up an incline 


For this experiment you can use the 
same child’s toy truck or the laboratory 
cart you used in “A truck in tow” on 
page 259. Have the rubber band and 
the cardboard strip attached in the 
same way as shown on that page. You 
will also need a board a little wider 
than the truck and about 1 meter long. 


Prop the board up so that it’s ata 

slant. Then pull the truck up the whole 
length of the incline by the rubber band 
with an unchanging force, that is, by 
having the rubber extend the same 
amount the whole time you're pulling. 
On the cardboard strip, mark the dis- 
tance to which the rubber was extended. 


Then lift the truck, by the rubber band, 
straight up from the floor to the top of 
the slant. Does the rubber band extend 
_a different amount this time? If so, why? 
Can you explain your observations in 
terms of work input and work output? 


In other trials, you might want to change 
the slant of the board or the mass of 
the truck or both. 


By the way, if you were to pull the 
truck up the incline on its side rather 
than on its wheels, how would the work 
input be affected? How would the effi- 
ciency of your simple machine, the in- 
cline, be affected? 
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Simple machines in cranes, elevators, 
and escalators 





With all the rumbling, creaking, and clanking going on, it’s hard 
Dp, Dp, an way & & & g01ng 


not to notice a big construction project. Some complicated-looking 
machines are the cause of all the commotion. The huge cranes are 
the most obvious. 

There is a lot of steel and cable used to lift girders, buckets of 
cement, or huge gulps of earth. Each rig looks far from simple. But 
a crane is just a collection of levers and pulleys, with an engine 
to supply the driving force. You may not recognize the fulcrum 
and arms of each lever easily. The two arms are sometimes sepa- 
rated by pulleys. This is done so that the crane can be used for 
different loads and movements. 

Most cranes have a counterweight so that the lever arms can lift 
heavy loads. The counterweight balances a good part of the weight 
of the load to be lifted. 

A tower crane is a common type of crane. It’s often used on 
construction sites to place beams and other materials on upper 
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floors. The counterweight is placed on the shorter lever arm and 
can be moved back-and-forth by means of pulleys. The longer arm 
of the lever is also connected by movable cables and pulleys. 


Lifting another kind of load 

A machine you have probably often used also has pulleys. But 
you never see the pulleys in this machine. Except in the old cage- 
types with ropes and chains dangling everywhere, elevators usually 
keep their hard-working simple machines out of sight. 

Modern elevators still use a refined pulley and counterweight 
system, as did the first ones back in the late 1800’s. But now the 
pulley system is designed with exactly the right rope length so 
that the counterweight will reach the top just before the elevator 
reaches the ground. Similarly, the counterweight reaches the 
ground before the elevator can rise too high and damage the pulleys 
or the motor at the top of the shaft. 

Springs and oil-filled buffers are used to cushion the counter- 
weight and elevator. These are necessary in case something goes 
wrong with the pulleys or the counterweight. With modern elec- 
tronic safety devices, though, it is almost impossible for an elevator 
to go for a crash-landing. 


elevator 
car 


counterweight 





11-20b 


) 












By 











hoisting 
cables 






293 





























294 





11:21b 


Sliding up 

In the late 1800’s, another form of getting upstairs also came on 
the scene. The escalator uses the principle of the inclined plane 
to move people continuously upward or downward. The incline 
on the original escalator was about 25 degrees. 

The original escalator also used a continuous belt of stiff rubber 
steps that didn’t flatten out at top or bottom. Another disadvantage 
was that the riders could not stand completely straight, but had to 
lean during the whole ride. 

Later, the now-familiar steps were introduced. These move up at 
a 30-degree angle and are built so that the passengers can stand 
straight up. The steps are moved by a chain, driven by a motor. 
The steps ride on two sets of wheels which roll along two sets of 
tracks. During most of their length, the tracks run together. But at 
top and bottom, the tracks for the wheels on the thicker part of the 
step drop down. In this way, the steps form a platform so that the 
passengers can get off and on easily. 

Another improvement was the comb plate at either end of the 
escalator. This addition made it easier and safer to get off and on. 
Still another safety feature is the cut-off switch. The escalator 
stops if anything is caught in it. 

Escalators move at either 30 or 40 meters per minute. And they 
can handle 8000 people per hour at the slower speed! The running 
gear of escalators is designed to be ten times stronger than required. 
The result is that some escalators have been operating smoothly 
for 50 years. One reason is that escalators don’t need the fancy 
electronics, floor selectors, and direction changes, as do elevators. 
Escalators are moving inclined planes: just simple machines. 





Heave ho! 


11:22 Stonehenge. This stone monu- 
ment was built between 1800 and 1400 
B.C. The newest theory suggests that 
Stonehenge may have been an accurate 
astronomical observatory. It might 

have been used for predicting eclipses 
of the sun and moon and the longest 
and shortest days of the year. 


Simple machines used in the building 
of ancient monuments 


How do you lift a 2'/2-ton concrete block—without bulldozers, 
without huge cranes, without steam engines, or electrical motors? 
The ancient Egyptian pyramid builders did just that. The builders 
of another type of monument, Stonehenge, England, also lugged 
around stones which weren’t much smaller. 


A circle of stones 
Stonehenge is a carefully laid out circle of huge upright stones 
with stone crosspieces. These are surrounded by banks, mounds, 
and circles of post holes. It stands in ruin now, due to nearly four 
thousand years of wear and tear. However, from a study of these 
ruins and the surrounding country, scientists have been able to 
piece together a story of how this huge structure may have been 
built. 

The huge “blue stones” in the center of Stonehenge were origi- 
nally transported about 210 kilometers by thousands of workers. 
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This material can be found only at that great distance, on the cliffs 
of Mount Prescelly in Wales. 

The stones were carved by countless blows with smaller stones 
of the same material. Some of these stones that were used as ham- 
mers had a mass as great as 15 kilograms. Yet they made only a bit 
of dust each time a worker brought one crashing down on the 
cliff—the material is that hard. 

When the workers had finally cut the stones loose, they hauled or 
slid them down to the sea. Then they probably floated the stones 
to Stonehenge on sturdy rafts. Other gangs dragged the stones 
the rest of the way. The largest of these stones would have required 
fifteen hundred workers to get it started on the long path of log 
rollers that led to Stonehenge. 

The stones used for the outer circle of Stonehenge were carved 
of a sandstone called sarsen. These were carried by the same proc- 
ess from their source 30 kilometers to the north of Stonehenge. 
We don’t know much about the people who did all this hard work. 
There is only the archaeological evidence of their path. 

Then comes the really big question: How were these huge stones 
placed in their precise positions, on the circle and within it? The 
people of Stonehenge apparently did it in teams. The hole for a 
stone was dug so that one wall slanted outward at about 45 degrees. 
The stone was pushed over roller logs down this incline. Then some 
200 workers would haul the stone upright with fiber or leather 
ropes. Because the stone was so heavy, they had to fill in the slanted 
side of the hole in a hurry. So they used rocks, tools, leftover food— 
anything they could think of to plant the thing in its hole perma- 
nently. The evidence of this haste is the rubble found by digging 
around the stones. 

Little is known about how the cross-laid stones were put in 
place. There are really no marks, records, rubble, or special tools 
around Stonehenge to suggest an answer. Wooden scaffolding 
might have been used to raise each end of a stone bit by bit. 
Workers might then have stood at the top of the resulting structure 
to do the final positioning. The work was then finished. But it’s 
anyone’s guess how long it took. 



















































ee ee ee a 
11:23 The Pyramid of Khufu has been the largest stone 11:24 Wooden machine used by present-day Egyptian 
structure in the world for almost 5000 years. workers to move stones. Similar machines, larger in 


size, may have been used to build the Pyramids. 


Another kind of ancient skyscraper 

The carved pictures and hieroglyphics written all over the Great 
Pyramid of Khufu in Eygpt—by workers and priests alike—are 
practically an open book. From studying the pyramid itself and the 
writings on its wall, archaeologists have pieced together how the 
Great Pyramid was probably built. Though not all scientists agree 
on all points, here’s the story. 

The stone used for the base of the pyramid was granite, which ] 
was quarried nearby. Farmers and other workers floated the stone | 
down the Nile on rafts during the yearly flood time. The flooding 
of the farm lands left many farmers free to do this work. A canal | 

| 











carried the stone from the Nile to the plateau on which the pyramid 
was built. From the canal, workers probably hauled the stones on 
wooden rollers down a specially built path. The rollers were “‘leap- 
frogged” from behind the stone to form a path in front of it as it {| 
progressed. 
White limestone for the outer layer of the pyramid came from 
southern Egypt. This stone was also brought down the Nile to the 
building site during flood time. 
The Great Pyramid was built of about 3,000,000 granite blocks. | 
These weigh an average of 21/2 tons each. There is no picture or | 
record of the Egyptians’ using any kind of machine to move them. | 
Most archaeologists have believed that a ramp was built up to each 
layer on the pyramid. The ramp was made higher but longer for 
; each succeeding layer to keep the ramp at an easy slope. 
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The Greek historian Herodotus visited the pyramids about 450 
B.c. He learned about the pyramids from priests who already 
thought of them as ancient. He heard tales of a machine built of 
“short wooden planks” supposedly used to lift the building blocks 
upward from layer to layer of the pyramid. 

Studies of the pyramids have since shown that the priests often 
told Herodotus stories to amuse rather than to inform him. But 
this business of the machines could be important. The reason: 
modern engineers have calculated that there weren’t enough 
workers in all Egypt to bring materials and to build a ramp of the 
size needed to place the topmost stone, no matter how determined 
the Pharaoh might have been. Remains of ramps have been found, 
but they couldn’t have been used more than halfway up the 146- 
meter pyramid. 

It was this engineering point of view that recently showed a 
person named Olaf Tellefsen a possible solution. He saw present- 
day Egyptian workers using a wooden machine to move huge 
stones. They were taking only ten minutes to move blocks weighing 
over a ton! 

The device had a three-legged base about 2 meters tall. A 6-meter 
beam rested on the base. The beam was perched so that it had a 
short arm from which a sling dangled, and a long arm, from the end 
of which hung a small platform. Three workers cooperated to put 
the sling around the heavy stone. Then they piled rocks on the 
small platform. This end then acted as a counterweight. When the 
workers finally added their own weight to the platform, the stone 
block was raised about 1/3 meter off the ground. This distance 
was enough to slide log rollers under the stone block. With more 
workers, a larger machine could have been used to raise blocks 
the distance between levels of the Great Pyramid. It’s an inter- 
esting possibility—a sort of primitive crane. 








Chapter 12: What Goes Up, 
Must Come Down 


The diver stands still at the 
top of the diving platform. 
She has done her work to 
get up the ladder. Then she 
begins her plunge downward. 


A skier has just been hauled 
up a long slope by a tow bar. 
At the top of the ski run she 
pauses a moment, bends her 
knees slightly, and just leans 
forward to begin the long 
swoosh downhill. 


A roller coaster filled with 
people has been raised, with 
great creaking and clacking, 
to the highest roller-coaster 


7 
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hill. But the gears and chains 
that pulled it up don’t go 
beyond the top of the hill. 
There is no more need for 
them. As the roller coaster 
passes the top of the hill, 
stomachs float and people 
scream in delight as the 
cars speed downward. 


These three situations have 
motion in common—down- 
ward motion. This chapter 
takes a close look at such 
motion. 
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Work, falling people, 
and dropping things 


Before a diver can dive off 

a platform, a skier ski down- 
hill, or a roller coaster speed 
down its track, the same kind 
of thing has to happen. The 
diver has to get to the top of 
the platform. The skier has to 
get to the top of the run. And 
the roller coaster has to reach 
the top of its high first hill. 
Some kind of force has to be 
applied over a distance to do 
these things. That is, work 
has to be done in each case. 


Consider the diver first. If she 
weighs 500 newtons, how much 
work must she have done to 
climb to a diving platform 

10 meters high? 


If the skier weighs 600 newtons 
and the ski hill is 400 meters 
high, how much work was 
done on the skier by the tow 
bar? 


If the total weight of the 

roller coaster is 24,000 newtons 
and the top of the roller- 
coaster hill is 30 meters above 
the starting point, how much 
work must have been done on 
the roller coaster by the gears 
and chains? 
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What is needed for work? 


You have probably heard 
people say many times that 
you should eat; you need 
energy. Sometimes you don’t 
feel as though you have 
enough energy to get up in 
the morning. This something 
called energy seems to be 
needed to keep you going. 


Electric motors also need a 
source of this something. 
Once the motors have this 
energy, they can do work. 
For example, they can lift 
objects, as do the ski tow-bar 
motor and the roller-coaster 
motor. 


12-2a Light energy from the candle causes an electric current 


But what does this common 
idea, “energy,” really mean? 
It seems to have no mass and 
you can’t touch it. But you 
can easily see and feel its 
effects on many different 
objects and materials. 


For the study of motion, you 
can look at energy as an 
invisible property that enables 
its bearer to do things. The 
diver has energy: she can 
move herself up to the diving 
platform. The moving parts of 
electric motors have energy: 
they can move a roller coaster 
uphill. 


to flow through the meter, thereby moving the needle. turn. 





Anything that has energy can 
do work, in the sense that it 
has the ability to move either 
itself or some other object. 
This energy, the ability to do 
work, can occur in many 
forms. 


Light hitting the sensitive 
material in a light meter 
generates electrical pulses 

to move the needle across the 
meter face. Light is a form 

of energy. 


The electrical pulses in an 
electric motor can cause things 
to move. Electricity is a form 
of energy. 


12:2b Electrical energy causes the blades in the blender to 
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Something in motion, such as 
a car rolling down a hill, can 
bump into something else and 
make it move. Just plain 
motion is also a form of 
energy. 


There are also several other 
forms of energy. But those will 
be discussed later in the book. 





TESTRYOURSEEE 

1. Write down your calcula- 
tions and answers to the 
questions on how much work 
was done on the diver, the 
skier, and the roller coaster 
(page 300). 


2: 


. Name three forms of energy. 


What is meant by “energy” ? 


Ss) 


12-2c Energy of motion is transferred back-and-forth between the moving balls 


and the stationary ones. 
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Forces where no objects touch 


To go on with the study of 
energy, you will need another 
look at force. Energy is defined 
as the ability to do work. 

And work, in the scientific 
sense, means applying force 

to something over a distance. 


So far you have mainly exam- 
ined forces that act directly on 
a particular object—pushing 

a car, pulling a laboratory 
cart, or hauling on a rope, 

for example. But earlier in this 
unit another kind of force was 
also mentioned— that of 
gravity. 


The pull of gravity is measured 
in newtons in the metric 
system (or pounds in the 
English system) as are other 
kinds of force. The force of 
gravity changes the speed of 
falling objects, just as other 
forces change speed. Nothing 
touches an object in midair 
to make it fall—but you can 
see that it falls, just the 

same. 


On the surface of the earth, 
the weight, or pull of gravity, 
for any one object is the same 
everywhere, for all practical 
purposes. But if this same 
object is put in a spacecraft 
and carried farther and farther 
from the earth, the pull of the 
earth on the object gets to be 
less and less. Finally the 


force field. 


object is so far away that the 
effects of earth’s gravity are 
practically impossible to meas- 
ure. At this point the object 

is said to be weightless. 


The object stops being weight- 
less if it again comes within 
the pull of gravity of some 
large object in space. For 
example, as soon as a rocket 
comes close to another planet, 
the gravity of that planet 
begins to pull, or apply a 
force, on the rocket and to 
draw it toward its surface. 


The area on and around the 
earth in which a gravity 
force is exerted on an object 
is called the gravity force field 
of the earth. 


A spacecraft which is not 
measurably affected by the 
earth’s gravity has, for all 
practical purposes, left the 


12:3a The paperclip has potential energy when it is held in place in the magnet's 





gravity force field of the 

earth. Then, as the craft comes 
within range of the other 
planet’s gravity, it is said to 
be entering the gravity force 
field of that planet. 


In theory, the gravity force 
field of any object goes out 
into space in all directions 
and doesn’t end. But as the 
distance from an object in- 
creases, the effects of its 
gravity are so small that they 
can’t be measured. 


There is another force field 
with which you are familiar. 
It is the magnetic field around 
a magnet. The magnetic field 
is, in some ways, very similar 
to the gravity force field. 





12:3b When the clip is released, 
itis pulled to the magnet. 


A magnet exerts a force on 
nearby iron or iron-containing 
objects. For example, if a 
paper clip is in the magnetic 
field of a magnet, the paper 
clip will be drawn to the 
magnet. You keep the paper 
clip from being drawn to the 
magnet if you hold on to 

it. By doing so, you apply a 
force equal and opposite to the 
effects of the magnetic field. 


If the paper clip is right 
against the magnet, you have 
to apply a force if you want to 
move the paper clip away. 
Here you are doing work on 
the paper clip, since you are 
applying force to it over a 
distance. If you let go of the 
paper clip before it is out 

of the range of the magnetic 
field, it is again drawn right 
back to the magnet. 
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Now consider your shoe in 
the earth’s gravity force field. 
It acts much the same as the 
paper clip in a bar-magnet’s 
field. 


Start with your shoe, without 
you in it. Place it on the 
ground, just as the paper 

clip was against the magnet. 
The shoe does not move. And 
if you leave it there, it never 
will move. It will take more 
than waiting to raise the shoe 
1 meter off the ground. 


Because the gravity force 

field pulls the shoe downward, 
if you want to move it upward, 
you must exert a force on the 
shoe. This force will have to 
be equal to the force of gravity 
acting on the shoe. But it will 
have to be applied in a direc- 
tion opposite to that of the 
force of gravity, in other 
words, up instead of down. 


Say the force of gravity on 
your shoe is 2 newtons. In 
other words, your shoe weighs 
2 newtons. If you lift your 
shoe 1 meter off the ground, 
you will have done 2 newton 
meters of work. But if you let 
go of your shoe, gravity takes 
over. Then your shoe is again 
pulled back to the ground. 
The gravity force field, unlike 
your force, is always present, 
always pulling. 


TEST* YOURSELEE 
1. In what unit ts the pull of 
gravity measured? 


2. When any kind of force is 
applied to an object, how 
does it affect the speed of 
the object? 


3. Is the pull of the earth's 
gravity the same on an object, 
no matter what distance that 
object is from the surface of 
the earth? Explain. 


4, What is meant by “the 
gravity force field of the 
earth’’? 


5. When you lift a book off the 
floor, what are you doing 
in terms of the earth’s pull 
of gravity? 


6. A nail is right against a 
bar magnet. 


a) How is work (force X 
distance) involved when 
you pull the nail away from 
the magnet? 

b) To what force field ts 

the work related? 


12-4 When the girl stops holding 
her shoe, it is pulled back to the ground 
by the gravity force field of the earth. 





Getting something for work 


An electric motor raising a 
roller coaster up a slope is 
using its ability to do work. 
But what happens just over 
the top of the roller-coaster 
hill, after the gears and chains 
of the motor are no longer in 
contact with the roller coaster? 
Of course the roller coaster 
zooms back toward the earth. 


Your pay-off for the work that 
the electric motor does, as it 
moves the roller coaster 
against the earth’s gravity 
force field, is motion. 


Just before the roller coaster 
started down the hill, it had 
the potential to move toward 
the earth’s surface. In the 
Same way, a paper clip that 
you hold in a bar magnet’s 
force field has the potential 
to move toward the magnet, if 
only you will let go of the 
paper clip. And a shoe you 
hold above the ground has 
the same potential to move 
back to the ground if you let 
go of it. 


But how much potential for 
motion does a roller coaster 
have? Does it have the same 
potential for motion at the 
top of a 15-meter hill as it 
does at the top of a 25-meter 
hill? Does a shoe held 15 
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meters above the ground have 
the same potential for motion 
as a roller coaster at that 
height? 


Before going on, let’s give a 
name to this potential for 
motion. Since motion is a 
form of energy, the potential 
or possibility for motion is 
called potential energy. 


An object has this potential 
energy because of the distance 
it has been moved against a 
force field. For example, a 
roller coaster has the potential 
to zoom back the 15 meters 
it’s been raised above ground 
against the earth’s gravity 
force field. 


Now back to the “how much” 
questions about potential 
energy. Since you probably 
don’t have a roller coaster 
handy to investigate the 
potential energy it might 
have, consider two shoes— 
one much heavier than the 
other. Say one weighs 5 
newtons and the other 10 
newtons. You lift one shoe in 
one hand and the other shoe 
in the other hand, each to a 
height of 1 meter above the 
ground. 


If you let the shoes drop, 
which one do you think will 
make the greater noise when 
it hits the ground? Which 
would hurt you more if it 
accidentally fell on your toes? 
Finally, on which shoe did 
you do more work when you 
raised it a meter above the 
ground? 


Next suppose you take the 
shoe weighing 5 newtons and 
raise it 1.5 meters above 

the ground. Imagine you are 
really accident prone and 
once again you let the shoe 
drop on your toes in the same 
Way. 


You can think of the “ouch” 
you feel as a result of the 
shoe’s work on your foot. It 
pushes skin and muscle and 
bones through a short dis- 
tance, while your nerves tell 
you about it. When this shoe 
falling 1.5 meters hits your 
foot, do you think your toes 
will hurt more or less than 
when they are hit by the same 
shoe falling from a height 

of only 1 meter? 


Compare these ““ouches”’ with 
that from the 10-newton shoe 
falling from 1 meter. In which 
of these three cases did you 

do the most work on the shoe to 
raise it before you dropped it? 


5 NEWTONS 
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The shoe on which you did 
the most work would hit your 
toes with the biggest “ouch” 
if it landed the same way. 

So that shoe must have had 
the most potential for “ouch,” 
or, really, potential energy, 
before you let it fall. 


So the more work done on 

the shoe to lift it to a certain 
height, the more potential 
energy that shoe has. In fact 
the same units of measurement 
that are used for work can 

also be used for potential 
energy. Thus the 10-newton 
shoe lifted 1 meter can be 





|O NEWTONS 
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said to have 10 newton-meters 
of potential energy. The 5- 
newton shoe lifted the same 
height had 5 newton-meters of 
potential energy. And the 
same 5-newton shoe lifted to 

a height of 1.5 meters had 

7.5 newton-meters of potential 
energy. 


jOsteyk VKOIUE SY s/he 
1. What is potential energy? 


2. How does an object get 
potential energy? 


3. What ts the potential energy 
of a 24-newton object that 
has been raised to a height 
of 4 meters? 





S NEWTONS 





4. What do the following have 


in common? 
a) A rock held above the 
earth 


b) A piece of tron held near 
one end of a strong magnet 
c) The north pole of a magnet 
being held near the south pole 


of a stationary magnet. 


What would happen in each 


of the items in question 4 if 


the object were released? 


6. A person has rolled a cart up 
a ramp to a platform. If the 
cart weighs 850 newtons and 
the platform is 3 meters high, 
what is the potential energy 


of the cart? 
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Mass, weight, and energy 
in falling things 


Sandy and John are standing 
on top of a 3-meter diving 
platform. John is twice as 
heavy as Sandy. He challenges 
Sandy: ‘’Let’s jump off the 
board at the same time. I bet 
I'll hit the water first.” 


7And Lobel il betirst. 
comes the quick reply from 
Sandy who is lighter and 
slimmer. Who do you think 
made the better bet? 


Here is John’s reasoning: He 
knows that his mass is 80 
kilograms and that his weight 
is about 800 newtons on the 
surface of the earth. (He’s 
never weighed himself any- 
place else.) He also knows 
that Sandy weighs only about LP LELE OE 
400 newtons and has a mass 
of 40 kilograms. John reasons 
that, since he weighs twice as 
much as Sandy, the earth is 
pulling on him with twice the 
force it is pulling on Sandy. 
So he should reach the water 
before Sandy if they jump at STITT 
the same time. 


Sandy, however, has a differ- 
ent idea. She’s trying to 
remember what she read 
about mass, especially the 

part that goes, “The more 
mass an object has, the harder 
it is to start that object moving 
or to stop it once it is moving.” 


308 


Mi Ai yer VI 
ZW Ya 


wv 


AS 


—_—_ —- SB meters 





12-6 


Sandy is thinking, “Since 
John’s mass is twice mine, 
John’s motion will not change 
as fast as mine. So I'll get to 
the water first.” 


So John yells to their friend 
Jerry, who is already in the 
water, “Call off a start and 
then tell us who hits the water 
first.” As they hear Jerry 
holler “Go!” both jump off 

» the 3-meter platform. What 

do you think Jerry reported? 


Another question about 
falling might give you a clearer 
view of what happened. Were 
John and Sandy falling as fast 
at the beginning of their fall 
as they were just before they 
hit the water? To answer this 
question, think back to what 
you learned earlier about the 
effect of force on speed. 


While Sandy and John were 
falling, the force of gravity 
was acting on them. A force 
acting on an object changes 
that object’s speed. So as 
Sandy and John were falling, 
and the earth’s gravity kept 
exerting an unchanging force 
on their mass, they kept going 
faster and faster. 


John weighs twice as much as 
Sandy. That means that the 
earth was exerting twice as 
much force on him during the 


fall as it was on Sandy. So 

it doesn’t matter that he has 
twice Sandy’s mass (difficulty 
of being started or stopped). 
John’s speed while falling 
increased at the same rate 

as Sandy’s speed increased! 
John, who has more mass, 
received more force to move 
him to the ground. But Sandy, 
though easier to move, re- 
ceived less force to do the job. 


Now let’s put together all 
these ideas. John and Sandy 
jumped off at exactly the same 
time and in the same way. 
Their speed while falling 
increased at the same rate. 
And they both fell the same 
distance. Did either one of 
them hit the water first? Or 
did John and Sandy hit the 
water at the same time? 


Now for still another question. 


Will Sandy and John have the 
same amount of energy when 
they splash down? For exam- 
ple, whose feet will hit the 
water harder? Do you remem- 
ber who started with the 
most potential energy—that 
is, who had to do the most 
work getting up the 3-meter 
platform? 


Teo ge YO UNS Bit. 

1. A 40-newton package and a 
70-newton package are on a 
shelf 3 meters from the floor. 
If both were pushed off the 
shelf, which package would 
have the most potential 
energy at the start of the 
fall? 


Explain your answer in terms 
of the work that must have 
been done on the packages to 
raise them to the 3-meter- 
high shelf. 


bo 


The package that weighs 

40 newtons is the same shape 
and size as the package that 
weighs 70 newtons. And the 
mass of the 40-newton 
package is about 4 kg and 
the mass of the 70-newton 
package is 7 kg. 


If both packages are pushed 
off the 3-meter-high shelf 
at the same time, will they 
both reach the floor at the 
same time? 


Explain your answer in 
terms of the force of gravity 
acting on both packages 
during their whole fall. 
(Continued on page 310.) 
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Drop some change 


Drop a quarter and a penny 
together from a height of 
at least a meter. Do they 
hit the ground at the same 
time? 


Then drop a quarter and a 
small piece of paper together 
from the same height. Do 
these hit the ground at the 
same time? Can you explain 
your results? 


Do you think the 40-newton 
package and the 70-newton 
package will hit the floor 
with the same ““oomph’’? 


Explain your answer in terms 
of the potential energy both 
packages had at the beginning 
of the fall. 


. Now for a bit different twist: 


A 5-newton box is pushed off 
a 2-meter-high shelf. An 
identical 5-newton box is 
pushed off a 5-meter-high 
shelf. 


Will both boxes be moving 

at the same speed when they 
hit the floor? If not, which 
one will be moving faster? 
Explain your answer in terms 
of the change in speed 
caused by gravity. 
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The Invisible String 


An historic overview of 
some thoughts on gravity 


In this chapter you have investigated the result of work done on 
objects in raising or lifting them against the pull of gravity. Once 
the work has been done on the objects and no restraining force is 
applied to them, the force of gravity pulls on the objects, setting 
them in motion. 

Arguments concerning gravity—what it is and how it works— 
have existed for thousands of years. Even though people have 
always experienced downward forces on themselves and on the 
objects they try to lift and throw, they have groped for precise 
statements concerning the pull of the earth. 

The ancient Greek philosopher and scientist, Aristotle, explained 
why things fall by simply saying, ‘They seek their natural place on 
the ground.” Although he was a great and logical thinker, he would 
have falsely thought that of two masses, one greater than the other, 
the greater one would reach the ground first if both were released 
from the same height at the same time. 

He probably had in mind the general observations that stones 
fall faster than feathers and leaves fall slower than acorns. For gener- 
ations people assumed that Aristotle’s statements were correct. 
They thought that objects fall with speeds proportional to their 
mass. 

In the seventeenth century, the Italian scientist Galileo realized 
that Aristotle and his followers had let air resistance confuse their 
ideas about falling objects. 


What is air resistance? 

Air resistance is what you feel against your face when you are 
running fast or pedaling a bicycle. As you push forward through 
the air, the air in front of you exerts a greater force than the air 
behind you. You feel the difference. You can compare this effect 
of air with the resistance of water that you feel when you try to 
walk in waist-deep water. 

There is another effect of air resistance that you can’t feel as 
readily when you are running or pedaling a bicycle. This effect is 
that of friction. The surface of a moving object and the layer of 
air around the moving object slide past each other. Friction occurs 
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between air and the object moving through it. Such friction tends 
to hold back something moving through air. 


Now back to Galileo 

Galileo suggested that for small objects of large mass, air resist- 
ance has little effect. For example, two rocks—one with more mass 
than the other—will fall together through a short distance. 

Galileo further extended his imagination to guessing what 
would happen if objects were to fall freely in a vacuum (no air 
to resist the object’s motion). From this thought experiment, he 
reasoned as follows: All objects fall with the same motion. So 
objects started together, fall together. And falling objects gain speed 
at a steady rate and will increase in speed the same amount each 
additional second. 

There is a legend that Galileo dropped some objects from the 
Leaning Tower of Pisa in Italy to see if they would hit the ground 
together. One object was supposed to have had a small mass; the 
other, a large mass. Galileo probably did not do such an experi- 
ment. It is more likely that he reasoned it through. 

Recently, though, some American astronauts did do just that 
kind of experiment on the surface of the moon. Since there is no 
atmosphere on the moon as we know it here on earth, there is no 
air resistance. When the astronauts dropped a hammer and a 
feather at the same time, they both hit the moon’s surface together. 

If you were watching the astronauts on television at that moment, 
this experiment probably seemed strange. Here on earth, we are 
used to seeing a feather float slowly to the ground when it is 
dropped. That’s exactly what the feather is doing—floating. Air 
resistance keeps it from plunging down to the earth’s surface the 
way a hammer does. 

The situation is similar to watching a large flat object, such as 
a sheet of metal, sink slowly to the bottom of a tank of water, while 
a metal ball sinks immediately. On the moon’s surface, however, 
nothing is interfering with the moon’s force of gravity on the 
feather and the hammer. So they drop together, as Galileo pre- 
dicted a long time ago. 


The predictable force 

Isaac Newton was born in England in 1642, the year of Galileo’s 
death. Newton was fascinated with the study of how things move, 
especially toward the earth. He extended the idea of objects being 
pulled toward the massive earth. He suggested that such forces 
are exerted between all objects. He talked of the earth’s pull reach- 
ing to the moon to control its path around the earth. He suggested 
that forces of attraction exist between the sun and the earth and 
all the planets. 

Today, scientists have put these ideas of Newton’s to use. For 
example, if a spaceship is to travel from the earth to Mars, the 
spaceship’s path must be computed on the basis of all the small 
and large pulls exerted on it by all of the planets, the moons, and 
the sun. 

The famous German philosopher Gottfried von Leibniz (lib/nits) 
attacked Newton’s ideas. Leibniz agreed with Newton that an 
applied force can change an object’s motion. But Leibniz, who 
lived during Newton’s time, believed that the applied force must 
be one of contact, such as the force of a bat on a ball or a horse’s 
pull on a cart. He laughed at Newton's belief that the force of 
gravity could act across the vast empty space between the sun and 


12-8 Astronaut on the moon dropping 
hammer and feather at the same time. 
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a planet. Leibniz said that if Newton could explain how gravity 
works without contact, like an invisible string between objects 
in space, then he would take the idea of gravity more seriously. 


There wasn’t very much concrete data then to support Newton’s 
views, so Leibniz’s doubts are understandable. As a matter of fact, 
scientists are still trying new ideas and experiments to find out 
how gravity works. 

There is one thing all scientists have accepted about the effect 
of gravity on the earth’s surface. Any falling object will increase 
in speed at the same rate as any other object if we subtract any 
difference caused by air resistance. 

The rate at which a falling object increases in speed is called g. 
(g comes from the word gravity.) At the surface of the earth, the 
quantity g has the value of almost 10 meters per second for each 
second an object is falling. This definition states that the speed 
of any falling object increases by 10 meters per second every 
second during its fall if the object is compact enough so that air 
resistance does not interfere very much. 





A Backward Shove 
When Going 
Forward 
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Applying the concept of g 


Imagine yourself strapped in a race car, waiting for the starter’s 
signal. A force due to gravity pulls you down against the seat. 
A measurement of that force is your weight. The seat in which 
you're sitting is supported by the car. The car is supported by the 
earth’s surface. In a way, both the seat and the car are exerting 
an upward force on you equal to your weight. Otherwise you would 
be falling toward the earth. But you remain in one spot—in this 
case, the seat. 

The starter signals you to go. Your foot goes down on the ac- 
celerator. The wheels spin and screech as the huge racer engine 
thrusts the car forward. Instantly, a breathtaking force thrusts you 
against the back of the seat. But it’s not the force of gravity. Out 
the corners of your eyes, you see the trees and ground streaking 
past. You realize that the force pushing you and the back of the 
seat together is due to the racer engine. It’s forcing the car, with 
you in it, to move faster and faster. 
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Imagine now that you are strapped in a seat in the nose cone ofa 
huge two-stage rocket. The rocket is about to blast off from earth. 
This time you are strapped lying on your back. So the back of the 
seat is exerting an upward force on you equal to the downward 
pull of gravity. The countdown begins. 


1065098 208 06 See 
32. .20. foe IGniLIOn: 


The entire supporting tower trembles as the thrust of the space- 
craft’s powerful engines drives it upward from the launching pad. 
As the spacecraft lifts off slowly, the seat pushes on your back 
with a force just slightly greater than that due to gravity. This 
extra upward force is not due to the support given the spacecraft 
by the earth’s surface. This upward force is due to the thrust of the 
rocket engines. 

Gradually the engines increase their thrust. As this happens, you 
and the spacecraft are lifted faster and faster through the atmo- 
sphere. Each second you are increasing your speed up and away 
from the earth at about 20 meters per second. That’s twice the rate 
at which an object falling freely toward earth increases in speed. 

During this time, the force between your back and the seat is 
three times that produced by gravity when you were sitting on the 
earth’s surface. A third of this force produced by the rocket’s 
engines is needed to overcome the force of gravity. The other two- 
thirds of the force is causing your increase in speed. 

The engines keep increasing their thrust even more. So your 
upward speed increases at a greater and greater rate. At the same 
time, the force between your back and the back of the seat keeps 
increasing accordingly. Then the rocket engines slow down a bit 
so that you’re increasing in speed at a slower rate. And the force 
between the seat back and you decreases. The first stage of the 
rocket separates from the second stage and from the spacecraft 
nose cone. It’s thrust back toward earth by the separating explosion. 


i 





The thrust of the rocket’s first stage backward speeds you upward 
with a lurch. So the force between you and the seat back increases 
again. 

All these changes in the force with which you feel yourself 
pushed against the seat in the spacecraft (and in the racing car) 
are usually expressed in g’s. 


The how’s and why’s of g 
In the previous section (page 314), ¢ was defined as the rate at 
which a falling object on earth increases in speed. That value is 
about 10 meters per second for each second of the fall. In a mathe- 
Force 
Mass 
value in this formula is the weight of the object. That force value is 
divided by the object’s mass. The result will be g. 

However, this same formula can be used when the force value is 
not that of the pull of gravity, but of something else. For example, 





matical expression, g = . In the case of a falling object, the force 


force can be applied by the motor of a racing car or by the rocket 
engines of a spacecraft. 

Let’s take the case of the spacecraft. At one point the engines 
caused it to speed up at twice the rate at which an object falling 
toward earth increases in speed. In this case the craft is said to 
be speeding up at 2 g’s. 

To double the rate at which the spacecraft speeds up, its rocket 
engines have to double the speeding-up force. You can feel this 
doubled force by the increased force you feel between your back 
and the seat in which you are strapped. When the engines speed 
up the spacecraft 3 g’s and then 4 g’s, the force between your back 
and the seat increases three times the force of gravity, then four 
times the force of gravity. 

Space scientists and other people who study motion use the term 
g in a shorthand way. They express the force that people feel on 
themselves in a speeding-up vehicle in terms of g. For example, 
they say you feel the force of 2 g’s if you are speeding up each 
second at the rate of about 20 meters per second. That’s twice the 
rate an object falls toward earth near the earth’s surface. 
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What’s the Hurry? 





12:12 Traffic jam 
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A thought and discussion question 


Ever since the first hairy Homo sapiens hitched a ride on a helpful 
four-legged friend, it seems that people have found ways to go 
faster and faster. We laugh at the Victorians who warned that hu- 
mans were never intended to hurtle along at twenty miles an hour. 

But the conquest of speed has had its ironic twists. “Progress” 
has brought New York City from an average traffic speed of eleven 
miles per hour in 1911 to its modern average—six miles per hour. 

A similar thing has happened on the artificial lakes of south- 
western United States. These are the favorite playgrounds of the 
super powerboats. People get out as early as eight o’clock in the 
morning to speed themselves and water skiers across the water at 
some sixty miles per hour. They have to start early. By eleven 
o'clock the water is so churned up that the boats can barely move. 

As for speed in the air, big jets go faster than anything else 
available to the average person. But getting to the take-off in a 
big-city airport is a problem. The roads to the airport are often 
jammed. Once you get on the jet, it has to wait its turn on the run- 
way. And once the jet arrives at its destination, there is the possi- 
bility of having to circle and recircle over the airport until ground 
control gives the jet its turn to land. 

One might well wonder, why do people get into so much trouble 
just for wanting to go fast? Speed is, after all, a fairly common and 
natural desire. Even the family dog loves to hang its head out the 
car window and let its ears flap in the breeze. And the youngest 
baby gets a kick out of being swung overhead. 

Of course, by the time the baby is grown-up and of driving age, 
the desire for speed has been boosted considerably by the advertis- 
ing of the various makers and sellers of speed machines. Many 
items, such as snowmobiles and high-performance car accessories, 
are pushed on the basis of speed. The high-power racer’s image is 
stressed. The cars are flashy. Powerboats are bright and sleek- 
looking, with engine to spare. And for some there is the status 
of a private plane. 

How could we calculate the real cost of that flashy new machine 
on the driveway, harbor, or airfield? Air and water pollution must 
certainly be added in. Even a major auto company admits that 





cars are responsible for nearly 40 percent of the air-pollution prob- 
lem in many areas. And Jacques Cousteau, famous sea expert, 
has made an interesting comment. He says that when the Dutch 
tanker Marpessa exploded with 207,000 tons of crude oil aboard 
several years ago, the resulting pollution was only about 4 per- 
cent of what the oceans receive from pleasure boats every year. 

It would slow us all down—some say too much—to use public 
transportation, bicycles, and foot power to do our traveling within 
a city. And it would cost a lot to develop a private or public vehicle 
for longer distances that will really be pollution-free. But what 
about the steel, oil, and other materials that are being used just 
so we can go a little faster? And how much do we care about the 
pollution caused by our speed machines? 

Still another cost is the good farmland, city dwelling space, 
and natural wilderness used up by the spread of the giant through- 
ways in our country. They do help cut down on time spent traveling 
from place to place. But at what cost? 

Noise from boats, autos, small airplanes, and large jets is another 
cost that ranges from a nuisance to a shattering experience for those 
who live in sonic-boom territory. 

Also consider that in most states the taxes from gasoline sales 
are put in a road-building fund. So none of that money spent on 
speed can go for other human needs. 

Perhaps there are other ways of using motion to get the pleasure 
that comes from speed—ways that won't have as high a cost. Many 
people are becoming committed to a practice of ‘free energy.”’ They 
want to develop and use sources of motion and energy that don’t 
use up the earth’s resources. Walking, bicycling, sailing, and 
mountain climbing can all be fun. And these use up very little of 
our natural resources and cause no pollution. 

But some will still say, “Oh, no, man—I want to go fast, I want to 
get where I’m going now.” 

What do you think? 


If you would like to read more 
about this subject, look up the 
following topics in The Readers’ 
Guide to Periodical Literature, 
in your library card catalog, or 
in an encyclopedia: 


Air pollution 

Automobile 

Aviation 

Ford, Henry 

Noise 

Pollution, air, and marine 
Powerboating 

Racing, automobile 
Steam car 
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Unit 4: Heat 


ave you heard comments like these? 


“I wish someone would turn up the heat in here I’m freezing.” 


“The argument’s getting too hot. Let’s talk about something else 
until everyone cools down.” 


: “She couldn’t come to school today. She caught a cold.” 
“He has no sympathy at all. He’s just plain cold.” 
“The heat’s on at work and I couldn’t relax for a minute.” 
“That salesman is a cool character, nothing ever bothers him.” 
“That new Mexican restaurant is great. I love hot food.” 
“The challenger was knocked out cold in the 10th round.” 
“Some political speeches are just a lot of hot air.” 
“I’m ready for opening night. I have my lines down cold.” 


All of these people are talking about heat and cold. Or are they? 
What does “‘heat’” mean? and “hot’’? and “cold’’? All of these words 
are used properly but differently in the examples. These words will 
also be used in this unit, but in some special ways. 
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a. A campfire in snowy wilderness 
says warmth. 


b. So does a cup of hot chocolate - en Sacer Se BTR 7 
after a walk in the rain. 


c. The heat from the sun has caused d. Water can be found between lay-- (Hm Ol alo (sl ame) gel iar-lavmmere)are|ie(e) a\-emm talessii 
the evaporation of the water that - ers of rock under the surface of metals are solid. But even metals 
covered this land for a while. The the earth. The temperature in the become liquid at extremely high 
water inthe remaining mudholeis ~~. lower layers becomes so high that temperatures, 
boiling. the water boils and escapes as 

: steam. Such an escape route is i 
» called a geyser: As the steam f. Heat can be caused by many) 
ae reaches the air, some of it be- things. For example, sparks fly, 


comes liquid again and falls as when two solid metal surfaces rub | 
mist. EYor-liatcj my-(e] ame) talo) mre im laelelelan 











Chapter 13: Temperature 
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Suppose it’s a really hot 
summer day. You’ve been 
walking in the sun a while. 
You’re thirsty and tired. But 
just at that moment you hap- 
pen to be in front of a drug- 
store which has a snack 
counter. The thought of an 
icy drink perks you up. You 
could even put the cold, wet 
glass against your forehead. 
That would feel good. 


As you open the door to the 
store, a wonderful blast of 
cool air hits you in the face. 
You plop down on the counter 
stool and say something 
about how nice and cool it is 
in there. The waitress looks 
surprised and says, ‘‘For the 
last few hours I’ve been 
meaning to ask the manager 
to turn up the air condition- 
ing. It’s too warm in here.” 


Obviously hot, cool, and cold 
aren’t very accurate terms. 
In the case above, who is 
right? Is it cool in the store? 
Or is it warm? This chapter 
is about a more reliable way 
to communicate how hot or 
cold something is. 





ne 


An effect of heat 


On another hot summer day 
suppose you're going out fora 
swim. On the way, you stop 
in an air-conditioned store to 
buy a thin-walled plastic beach 
pillow. Without air in it, the 
pillow is just a plastic sack. So 
the clerk lets air into it from a 
tank. However, she doesn’t 
seem to blow it up all the way. 
The corners are still a bit 
wrinkled (figure 13-la). But 
after you take the pillow out of 
the store and into the hot sun 
for a while, the corners be- 
come smoother. 


As you walk along, you step 
on some soft tar oozing out 
between the sections of the 
sidewalk. On the way home 
from your swim, in the cooler 
evening, the tar is no longer 
flowing out of the cracks. And 
if you think about it, you 
might recall that in cold 
weather hardly any tar shows 
above the cracks. 


13-1a 
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If you ever cross a bridge, look 
for the toothlike seams that 
run across most bridges. The 
teeth clamp tightly together in 
the summer. But in winter 
there is usually a space be- 
tween them (figure 13-2). 


The air in the beach pillow, 
the cement and tar on the 
sidewalk, and the cement and 
steel on the bridge reacted 
similarly to the effect of heat. 





326 


Because of the way heat affects 
those materials, you: could use 
them to measure temperature. 
You can also use water, alcohol, 
and mercury, the silvery liquid 
metal. In fact, you can use 
practically any material. 


Figure 13-3 indicates why you 
can use all of these materials 


to measure temperature. In the 
first part, it shows an iron rod, 
a lead rod, and a glass tube 


containing mercury. All are 
almost totally submerged in a 
tank of ice water. The top of 
the column of mercury is level 
with the tops of the metal rods. 


Part b shows the same metal 
rods and the tube of mercury 
almost totally submerged in 
boiling water. The drawing 
shows what happens to the 
length of the rods and the 
column of mercury. You can 
measure temperature by 
making use of this property, 
the action of materials when 
they are heated and cooled. 


13:2 Notice the green water below the 
open expansion seam. 
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13°3a Iron, lead, and mercury in i 
O°C water. 






























































13°3b Note what has happened to the 
iron, lead, and mercury in the above |) 
tank after the water has been heated to lh 
100°C. ! 
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Youcan makea 
temperature measurer 


There are many kinds of 
measurers or meters in the 
study of science. You can 
measure the intensity of light 
with a light meter, count 
coulombs per second with an 
ammeter and measure energy 
per coulomb with a voltmeter. 
And, of course, the instrument 
you use to measure tempera- 
ture is the thermometer. 


You can make a thermometer 
from any substance with the 
properties described in the last 
section. That is, you can use 
any material that changes in 
length when its temperature 
changes. Such materials also 
change in volume, or amount 
of space they take up, with 
temperature changes. And 
your job will be simpler if the 
change in volume can be seen 
easily. 


Your thermometer will be 
easiest to read if you make it 
out of the substance that has 
the greatest increase in volume 
for each rise in temperature 
(Table 1). In figure 13-3, the 
column of mercury increased 
in volume more than either of 
the solid metal rods. Since 
mercury is a liquid, you can 
easily make its increase in 
volume, or expansion, seem 
greater. 
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The bulb at the bottom of a 
mercury thermometer holds a 
reservoir of mercury. As its 
temperature rises, the mercury 
expands into a very narrow 
tube. So a small increase in 
volume shows up as a large 
increase in the length of the 
column of mercury. 


The expansion of other liquids 
can be made to look greater in 
the same way as the expansion 
of mercury. Since you want 
your thermometer to be easy 
to read, it would be best to 
make it a liquid thermometer. 


Table 1 


You could start with a narrow 
glass tube which has a bulb 
full of mercury at the bottom. 
The top of the tube should be 
closed. To make the tube into 
a useful thermometer you 
would need to put some num- 
bers on it. 


You can choose your own set 
of numbers or standards to 
identify temperatures on your 
thermometer. When you do 
this, you are calibrating your 
thermometer. 


Expansion of Some Common Materials 


Increase in length 
of 100-cm rod 


Increase in volume 
of 100-ml liquid 


Material o°C to 100°C 0°C to 100°C 
Auminurh 

Brass 

Copper 

Ethyl alcohol == Sea || 11.2 ml 
Glass, thermometer 

iron (steel) 

Lead 

Mercury Se ae 1.8 ml 
Silver 

Tungsten 

Turpentine es ee ea) 9.7 ml 
Zinc 


13:4 The volume of 100 ml of mercury increases by 1.8 ml when it is heated 
from O°C to 100°C. In a 20-mm diameter tube, that 1.8 ml forms a column around 
6 mm high. However, in a 4 mm diameter tube, the same 1.8 ml of mercury forms 
a column about 159-mm high. By making the tube narrower, you can magnify the 
expansion of the mercury. 
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~ she ome tee 





159 mm 





25.5 mm 
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The top of your temperature 
measurement scale could be 
the temperature of the hottest 
water from a faucet. To find 
that temperature, you would 
hold your unmarked thermom- 
eter in a cup under the water 
faucet. You would run hot 
water into the cup until the 
mercury stops expanding 
(figure 13-5a). You could then 
mark the top of the mercury 
column. 


13-5 The faucet is high above the beakers. Plastic tubing is 
used to transfer the water from the faucets to the beakers 
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The bottom of your scale could 
be the temperature of the cold- 
est water from the faucet. For 
that temperature you would 
hold the thermometer in a cup 
under the cold water until the 
mercury stops contracting. You 
could make the bottom mark 
at that point (figure 13-5b). 


Your thermometer would then 
be marked with the highest 
and lowest reference points on 
your scale. Reference points 
are just places to start from. 





Once you have your tempera- 
ture reference points, you can 
measure the relative warmth 
of things. For example, there 
is a range of warmness and 
coolness between the coolest 
water from the faucet (your 
bottom reference point) and 
the hottest water from the 
faucet (your top reference 
point). As you know, the mer- 
cury in your incomplete ther- 
mometer will contract and 
expand accordingly. 


so the water will not splash. Hot water is running into the beaker 
on the left; cold water into the one on the right. 


To measure this expansion and 
contraction between the ref- 
erence points, you can divide 
the distance between them 
into equal steps, or degrees. 
And, of course, you can then 
mark steps, or degrees, of the 
same size below the bottom 
reference point and above the 
top reference point. In this 
way you can measure things 
which are colder than the 
coldest water and hotter than 
the hottest water from the 
faucet. 


You can decide how many 
steps you want to have on 
your thermometer. Your de- 
cision might be based on the 
distance between the reference 
points, and on the simplest 
way you can find to divide 
that distance into equal steps. 


To make your thermometer 
easy to read you might decide 
to call the temperature of the 
coldest water 0°M (M for My 
scale). If you make this de- 
cision, whatever you measure 
that is colder than the water 
from the faucet would have to 
be less than 0°M. That is, it 
would have to be in minus 
degrees. For example, water 
from a puddle on a winter day 
might be —5°M. 


You would also number each 
step in turn, up to the temper- 
ature of the hottest water, 
which could be 40°M or 100°M 
or whatever you decide. 


Once the sections are marked, 
it is possible to measure 
temperature of all kinds of 
things in degrees M (figure 
13-6). For instance, you could 
find the temperature of your 
classroom or of your own body 
in degrees M. You could also 
find the temperature of boil- 
ing water and of freezing 
water in degrees M. 


If the M scale were an ac- 
curate one that could be easily 
reproduced, you might try to 
have it accepted for inter- 
national use. For instance, if 
all the students in the world 
would accept the M scale, it 
might be adopted for inter- 
national student use. 


ES TAY OURS E LE 


1. Do you think a person living 
in the tropics and a person 
living near the North Pole 
would agree as to whether a 
15°C (59°F) day was warm or 
cold? Explain. 


2. What property makes 


materials useful in 
thermometers? 


3. What is the main advantage 


of making a thermometer out 
of a liquid? 


1 





13-6 Thermometer calibrated in °M. 
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Somebody else’s scale 


When you made your temper- 
ature scale, you divided the 
distance between two reference 
points into equal parts to 
determine the expansion re- 
quired for 1°M (My scale). 
These reference points would 
have to be used for every 
thermometer marked accord- 
ing to your scale. 


But your reference points have 
a problem. They aren’t fixed. 
They vary as the hottest and 
coldest of the water from the 
faucet varies. And they vary 
more if water from some 
other faucet is used. 


Your reference points are not 
accurate because they are hard 
to reproduce. For instance, if 
three M-scale thermometers, 
each made in a different school, 
were placed in the same pan 
of water, they would probably 
give three different tempera- 
ture readings (figure 13-7a). 


Most temperature scales are 
calibrated according to the 
melting or boiling points of 
pure substances. These are 
usually chosen for reference 
points because they remain 
the same under normal condi- 
tions. If you put three ther- 
mometers, each from a different 
laboratory, into a pan of water, 
they would all give the same 
reading (figure 13°7b). 
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The Fahrenheit (far’an hit) and 
Celsius (sel’sé as) temperature 
scales are probably the most 
widely used at this time. Both 
of these scales today use the 
boiling and freezing points of 
pure water as reference points. 


Anders Celsius, a Swedish as- 
tronomer, first used these 
reference points in establish- 
ing his scale. The boiling point 
of water is 100° and the freez- 
ing point is 0° on the Celsius 
scale. This scale is used to cal- 
ibrate laboratory thermometers. 


Gabriel Daniel Fahrenheit, a 
German-born Dutch physicist, 
started with different reference 
points when he established his 
temperature scale (page 336). 
On the Fahrenheit scale the 
boiling point of water is 212° 
and the freezing point is 32°. 


The Celsius scale is divided 
into 100 equal sections or de- 
grees between 0 and 100. 
Temperatures above 100°C and 
below 0°C are measured by 
adding more Celsius degrees 
to the thermometer. 


The Fahrenheit thermometer is 
divided into 180 equal sections 
between 32 and 212. Tempera- 
tures above 212°F and below 
32°F are measured by adding 
Fahrenheit degrees to the 
thermometer. 


The enlarged thermometer in 
figure 13-8 has a Celsius scale 
on one side and a Fahrenheit 
scale on the other. You can 
change from one scale to the 
other by laying a piece of 
paper across it and reading 
from one scale to the other. 


If you don’t have such a table 
handy, you can change from 
Celsius to Fahrenheit by using 
an equation: 


S02 


1F = By sb LC Gir (C= 18 





The number 32 appears in 
each equation because the 
freezing point of water is 32°F 
and 0°C. 


hol WOURSELE 

1. What are the reference points 
of the thermometers we use? 
Give them in degrees on the 
Fahrenheit and Celsius scales. 

2. Why are the melting points 
and boiling points of pure 
substances used as the 
reference points on standard 
thermometers? 

3. Convert the following temper- 
minines to JES BIE, APC, AOC, 
—40°C. 

4. Convert the following temper- 
anes wo (Ce BIE, JAMO IE, 
20-P AO 


13-8 
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Thermometers 
and How 
They Got 
That Way 
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The history 
of temperature measurement 


Before you decide what to wear in the morning perhaps you look at 
an outdoor thermometer or listen to the weather report to learn the 
temperature. When a chef cooks a roast beef, he may stick a meat 
thermometer into it to tell him when it’s done. You check your body 
temperature with a thermometer to find out whether you have a 
fever. Reading a household thermometer today is as easy as telling 
time. But before the mid-seventeenth century, no instrument 
existed to measure temperature. 

Around 1630 Galileo (gal’a 1é/6), the Italian scientist, developed 
the first thermometer, a simple gas one. It was a glass bulb attached 
to a narrow tube. The other end of the tube was immersed in 
colored liquid. A change in the temperature of the air in the bulb 
caused a change in the height of the liquid in the tube. However, 
this gas thermometer could not measure temperature accurately. 

Later Galileo made an alcohol thermometer which was not 
much better. The height of alcohol in a very thin tube rose or fell 
as the temperature of the alcohol in the bulb of the thermometer 
changed. 

Galileo’s thermometers all suffered from the same serious prob- 
lem. They did not have reference points. Galileo measured a degree 
on his scale by determining the change in the height of the alcohol 
in the tube equal to 1/1000 of the volume of alcohol. That was a 
pretty tricky thing to do accurately. Most of Galileo’s thermometers 
were made of intricate hand-blown glass (figure 13°10) and no two 
contained the same volume of alcohol or had the same length tube. 

A Galileo thermometer was better than guessing at temperature 
by the sensation of hot and cold. Galileo’s thermometers made 
the measurement of temperature possible. But they did not make it 
accurate. 

Sir Isaac Newton—the Englishman who legend says was hit on 
the head with the apple—got into the act in 1701. He came up with 
the idea that reference points would be handy on a thermometer. 
He saw the need for some standard with which to compare the 
increase and decrease in the sensation of hot and cold. 





13-9 Spiral thermometer made of 13:10 Thermometers made for members of a Florentine institution for experimental 
Florentine glass. science in the 17th century. The long tubes were meant to increase accuracy 





13-11 Newton's scale of temperature 
measurement. 
























































































bull Peat of Fie. 4. Newton suggested calibrating an alcohol thermometer with the 
a: ee freezing point of water as the first reference point. Newton chose 
| ty this reference point because he assumed from his observations that 
aa i EAE vehemently, the temperature of freezing water is always the same. He also 
107044 ater begins bo boyd. assumed that the temperature of the human body is always the 
| oy same, so he chose that as his second reference point. Newton 
a divided the space between the two reference points into twelve 
a equal degrees. 
mae Thirteen years later, Gabriel Daniel Fahrenheit improved on 
H Newton’s thermometer. He found a way to purify mercury so he 
CH eS a eee could use it to measure temperature. He also developed his own 
1050-4) Bea temperature measurement scale. For his zero point, Fahrenheit 
| chose the lowest temperature he could produce by mixing salt and 
HH | ; ice water. That is, he chose the lowest height of the mercury column 
a PS I he could get by immersing his thermometer in various combina- 
et Cs ‘ tions of salt and ice water. For his upper reference point he used 
Kater hardly tolerable the temperature of the human body, as Newton had. 
AH |e He hand in motion. Fahrenheit also divided the distance the column of mercury rose 
1030 is ee See @ between his two reference points into 12 equal parts. But for con- 
WW | venience, he then subdivided each of the 12 parts into eight 
7 an poricciapiag sections. (Ee aaa) chose ent SEA you can a — equal 
Fa parts easily by dividing each section in half three times in a row.) 
AOE. That gave him 96 equal steps or degrees. Since body temperature 
is the top reference point, it’s 96° on this scale. And the melting 
Spe Seppe point of ice, Newton’s bottom reference point, turned out to be 
AO ir nJtummer. 32° on this scale. 
\ dir ancpring FOS ENS then added sections ®: us Soe ae to the top of his 
scale and tried to measure the boiling point of water. When he 
a in Pinter found that on his scale the boiling point of water was not a whole 
1000, BS v4 Sled Mier cap number, he decided to make some adjustments. So Fahrenheit 
: we eG called the boiling point of water 212° and divided his scale into 180 
equal parts between that and the freezing point of water. This 
changed the scale slightly so that body temperature now measures 








98.6° on the Fahrenheit scale instead of 96°. 
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Unfortunately Fahrenheit chose very poor reference points for his 
scale. Body temperature changes from hour to hour with exercise, 
after eating, and so on. It varies with state of health and time of day 
and from person to person. Fahrenheit’s zero point is no better. 
Different mixtures of ice water and salt can have different tempera- 
tures. And Fahrenheit did not specify the exact mixture of ice water 
and salt to be used. In addition, the temperature of the mixture 
changes as the ice melts. Therefore, the Fahrenheit thermometers 
we use today are calibrated according to the freezing and boiling 
points of pure water. 

Twenty-eight years later, Anders Celsius proposed his tempera- 
ture scale. He used the freezing and boiling points of pure water as 
reference points. Originally Celsius set the freezing point at 100° 
and the boiling point at 0°. But he reversed them one year later. 
Celsius divided his scale into 100 equal parts, or degrees. It was 
called the centigrade or 100-step scale until the middle of the twen- 
tieth century. To honor Celsius for his work, the ninth General 
Conference on Weights and Measures gave his name to the scale 
in 1948. 


13:12 Early Fahrenheit thermometer 








Is There 
Another Way? 





Temperature can be measured 
by means other than 
the expansion of a substance 


You can’t take the temperature of a smokestack with a mercury ther- 
mometer. Even if the temperature of the smoke inside the stack 
could be measured by the expansion of mercury, who’d want to take 
the thermometer into the smoke-filled stack to get a reading? Yet it’s 
important to know the temperature inside the stack because the 
pollution-control equipment at the top of the stack works best with- 
in a certain range of temperatures. And no company wants to pay 
fines for unnecessary pollution or have expensive equipment 
ruined by smoke that is too hot. 

To take the temperature of a smokestack you need a different kind 
of temperature-measurement device. The one that is the most likely 
to be used is called a thermocouple. 

The thermocouple uses electric current to measure temperature. It 
works because a small voltage is produced when unlike metals 
touch. This voltage changes as the temperature at the point of con- 
tact of the metals changes. For instance, a junction of iron and 
constantan (a copper-nickel mixture) produces lower voltage at 
room temperature than it produces in a heated oven. Other pairs of 
metals do exactly the same thing. So thermocouples are made of 
those pairs of metals that will produce the largest possible voltage 
when the junction is heated. 

In the thermocouple, wires of each of the metals being used are 
welded together. The junction of these wires is placed in the area 
where the temperature is to be measured. Since it is the voltage that 
changes as temperature changes, the far ends of the wires are con- 
nected to a sensitive voltmeter (figure 13-14). The scale of the 
voltmeter is usually calibrated to give the temperature of the metal 
junction within the temperature range in which the junction pro- 
duces a measurable voltage (Table 2). 

The voltmeter can be a long distance away from the spot where 
the junction is measuring the temperature. So you can measure the 
temperature inside a smokestack while you are on the ground or in 
the factory below it. 

Thermocouples are not practical for measuring the temperatures 
inside plastic-molding machines. Molded plastics do not come out 
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welded junction of unlike metal wires 


ich voltmeter “i 











13:14 Thermocouple attached to voltmeter calibrated in °C. 


well if the molding machines are not working at the proper temper- 
ature. The measurement of that temperature must be extremely 
accurate. To keep the machines working at the proper temperature, 
you must be able to measure the temperature accurately at all times. 
One instrument that can be used to monitor the temperature inside 
a machine with extreme accuracy is a resistance thermometer. 


Table 2 


Temperature Ranges of Thermocouples 








Temperature 
range, °C 
0 to 1450 


Metals or alloys welded together 
Second wire 


Alumel 
94% Nickel 
2% Aluminum 
38% Chromium 
1% Silicon 
Constantan —200 to 750 
55% Copper 
45% Nickel 


First wire 
90% Platinum 
10% Rhodium 
Chromel-P 
90% Nickel 

10% Chromium 



















—200 to 1100 




















—200 to 350 
—100 to 1000 










Chromel-P 
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The resistance thermometer, like the thermocouple, uses electric 
current to measure temperature. It makes use of the fact that the 
resistance of metals to electric current changes as the temperature 
of the metal changes. 

Resistance thermometers are usually made out of platinum wire 
(figure 13-15). Platinum has a high electrical resistance and a high 
melting point (1773.5°C or 3224.3°F). These properties make it useful 
for measuring high temperatures. In addition, the platinum does 
not wear away very easily. For this reason it can be used to measure 
the temperature of chemical reactions in which less hardy tempera- 
ture-measurement devices might be destroyed. 
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13-15 Platinum resistance ther- 
mometer 
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In the resistance thermometer, a platinum wire is coiled around a 
supporting material. This supporting material must have a melting 
point at least as high as that of the platinum. 

The support keeps the platinum wire from being strained while 
it expands and contracts as its temperature rises and falls. Such 
strain might affect the resistance of the platinum. Any change in 
electrical resistance of the supported platinum coil must be a direct 
result of the temperature change for the reading to be accurate. 
When the platinum coil is going to be used in an area where the 
platinum could be harmed, the coil and support are sealed ina tube. 

In the simplest resistance-thermometer circuit, the temperature- 
sensitive coil connects in a series circuit with a constant voltage 
source and a microammeter (a meter that measures one millionth 
of an amp). 

The electrical resistance of the coil increases as the temperature 
of the area around it rises. As a result, the current through the 
circuit decreases. This small change in the current through the cir- 
cuit can be read on the microammeter. In most resistance-ther- 
mometer circuits, the microammeter is calibrated so that it gives 
the temperature of the coil rather than the current through the coil. 

Resistance thermometers can be used to measure the temperatures 
inside a series of refrigerators or freezers in a frozen-food factory 
as well as the temperatures inside smokestacks and plastic-molding 
machines. A platinum resistance thermometer will accurately 
measure temperatures as low as —260°C. For this reason, it is also 
very useful in research carried out at extremely low temperatures. 

Platinum resistance thermometers cannot be used to measure the 
temperature of things that are hotter than the temperature at which 
platinum melts. Neither can thermocouples. But it is sometimes 
necessary to measure the temperature of things that are that hot. For 
example, the temperature inside the ovens in which ceramics are 
hardened and glazed must be measured to be controlled. It is also 
necessary to measure the very high temperatures around a space- 
craft reentering the earth’s atmosphere. In this way, engineers get 
the information to improve their design for the protective covering 
of a spacecraft. 
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One instrument that can be used to measure extremely high 
temperatures without'touching the hot object is an optical pyrometer. 
The optical pyrometer is based on the fact that the brightness of 
light given off by a hot object changes as the temperature of the 
object changes. The most common optical pyrometer is the disap- 
pearing filament type (figure 13-17). To measure temperature with 
a disappearing filament optical pyrometer, you look through a lens 
and a red glass filter at the hot object whose temperature you are 


trying to measure. 
13°17 Optical pyrometer 





grey filter for temperatures over 1500°C 









eyepiece 


light from 
hot object 
enters here 





tungsten filament 


| rheostat to change current through filament 
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A light bulb with a tungsten filament is a necessary part of the 
pyrometer. It is located between the filter and the outside of the 
pyrometer. When you look through the pyrometer, you see the bulb 
filament against the hot object whose temperature you are measur- 
ing. The resistance through the circuit containing the light bulb can 
be varied to change the current through the filament. A change in 
resistance will make the bulb filament dimmer or brighter. The 
resistance is varied until the brightness of the filament blends in 
with the brightness of the other hot object. 

The current through the filament at this point is related to the 
intensity of the light given off by the hot object. The current reg- 
isters on a meter that reads in thousandths of an amp. The pyrom- 
eter manufacturer supplies a conversion table. You can use the 
current reading and the table to find the temperature of the hot 
object. 

The optical pyrometer is not without faults. You cannot use an 
optical pyrometer to measure temperatures below 500°C to 600°C 
(around 1000°F). Objects at lower temperatures do not give off 
enough visible light. And you cannot use an optical pyrometer to 
measure temperatures accurately. It depends on the ability of the 
human eye to match brightness. 

However, you can measure very high temperatures with an 
optical pyrometer. Filters are placed in front of the pyrometer to 
measure temperatures above 1500°C. These lower the brightness 
of the entering light by a known amount. The results are then 
corrected to make up for the brightness held back by the filters. 
With these filters, pyrometers can be used to measure the surface 
temperatures of the stars. And they are often used in the study of 
the burning and explosion of gases for rocket-engine design. 

Pyrometers are used to measure the temperature of objects hot 
enough to give off light that is visible to the human eye. Another 
temperature-measurement device which depends on light, meas- 
ures light which is not visible to the human eye. That device is the 
thermograph. The thermograph measures the amount of light an 
object gives off when that object is in the temperature range that 
can be measured by a mercury thermometer. 


13:18 The view through the eye- 
piece of an optical pyrometer. In the 


top circle, the filament is cooler than 


the hot object. In the center, the 
filament is hotter than the hot object. 
On the bottom the filament is at the 
same temperature as the hot object. 
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13192 Thermogram of person's 
face. Which areas do you think are 
warmest and coolest? 
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13:19b Thermogram of city skyline. Notice the range in temperatures. 


The thermograph is used to take a photograph called a ther- 
mogram. The film used in the thermograph is sensitive to light that 
is not visible to the human eye. The thermograph can be adjusted 
so that when the film is developed, it will vary from black to white 
over a 0.55°C (1°F) difference in temperature. 

When it is used with color filters and color film, this device will 
produce thermograms in which each color represents a different 
temperature range (figure 13-19). These color thermograms can also 
show temperature differences of less than 1°C. 

The fact that thermographs can detect such small temperature 
differences makes them very useful in factories. Some industries 
use thermograms to find weak spots in metal and plastic objects. 

The surface of the object above a flaw usually differs slightly in 
temperature from the rest of the surface. The thermograph’s main 
advantage is that it does not damage the object being tested. For 
instance, a steel beam can be checked for flaws without being 
sawed into pieces. And if no flaws are found, the beam can be sold 
and used. 

The thermograph is also very valuable in detecting certain kinds 
of human diseases. Doctors use it to spot variations in skin temper- 
ature. A higher-than-normal temperature might mean cancer in the 
tissue below an area of the skin. A lower temperature might point 
out poor flow of blood in the area being studied. Such findings 
help doctors discover illnesses in the early stages, while they may 
be curable. 


ON YOUR OWN 


Freezing point of water 


You can use these materials to find why 
thermometers are calibrated according to the 
freezing point of pure water: 


4 water glasses (all alike) 

1 small pan 

1 1-pint jar with lid to fit 

4 paper napkins 

Rubber bands ~ 

Salt 

Water 

Freezing compartment of 
refrigerator or freezer 


Put about 3 glassfuls of water into the pan. Boil 
the water on a stove for twa, minutes. Fill one 
glass 3/4-full of the boiled water and label the 
glass. Put the pan of water aside to cool. 


Fill the second glass 3/4-full of tap water and 
label it. Then put a tablespoon of salt into the 
third glass. Fill it 3/4-full of tap water and stir to 
dissolve the salt. Label the glass. 


Put a glassful of the cool boiled water into the 
jar. Place the lid on the jar and tighten it. Shake 
the jar hard to dissolve some air in the boiled 
water. Pour that water in the last glass so that 
it is 3/4-full. 


When all of the glasses of water are at room 
temperature, cover the top of each glass with a 
napkin. Put a rubber band around the napkin 


to keep it on. Then place the glasses in a freezer. 


Open the freezer at 10-minute intervals. Note the 
order in which the glasses of water freeze. 
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An unusual thermometer 
you can use 


You cannot take the tempera- 
ture of a block of iron by 
putting a thermometer on top 
of it. Or can you? Will you be 
measuring the temperature of 
the block or of the surround- 
ing air? It depends on what 


kind of thermometer you have. 


One kind of thermometer, or 
temperature measurer, can be 
painted onto almost any ob- 
ject. It is called liquid crystal 
thermal paint. This paint 
changes color with changes in 


temperature (figure 13-20). It 
can show the range of different 
temperatures (temperature 
gradients) across the surface 

of an object. 


Suppose you put a metal ladle, 
a wooden spoon, and a glass 
stirrer into a pot of hot soup. 
If all three have been painted 
with liquid crystal paint, after 
a short while they will look 
like the ones in figure 13-21. 





How did the temperature of 
the handle of the ladle change? 
What happened to the wooden 
spoon in the same soup? Did 
the glass rod act like the spoon 
or like the ladle or still 
differently? 


From what you have seen, you 
may conclude that heat passes 
through substances much as 
electricity does. Some sub- 
stances, like the metal ladle, 
conduct heat rapidly. Others, 
like the glass and wood, con- 
duct heat so slowly that they 
do not seem to conduct heat 
at all sometimes. 


The photographs in figure 
13-22 show how heat is con- 
ducted through some common 
materials. 


TEST VOUS EEE 

1. Why are the handles of pans 
often made of wood or 
plastic? 

2. Why is liquid crystal paint 
used to show how heat 
moves across the surface of 
an object? 


13:20 The temperature ranges shown 
are: below 30°C—black, 30°C to 
31.5°C—red, 31.5°C to 32.5°C— 
yellowish, 32.5°C to 36°C—green, and 
over 36°C—blue. 








13:21a 





Chapter 14: Supplying Heat 
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Would you rather get the bill 
for heating a small house or 
for heating a large school? 
The furnace in the house and 
the one in the school each 
keep the rooms at about the 
same temperature. But the 
school has many more rooms. 
So the school’s furnace must 
supply more heat. As a 
result, it costs more to heat 
the school. 


Suppose two pots of soup, 
one small and one huge, are 
sitting over the same size 
flame on a gas stove. It’s 
obvious which pot will boil 
first. 


There is another thing about 
supplying heat—in the 
scientific sense, that is. It 
can be done in several ways. 
For example, the flame ona 
gas stove supplies heat 
directly to a pan. The pan 
then supplies heat directly 
to the soup in it. 


On the other hand, furnaces 
do not supply heat directly 
to things and people in a 
house or a school. That could 
get rather uncomfortable. 
One kind of furnace supplies 
heat directly to air being 
forced through it. Once the 
warm air enters the building, 
it moves around, spreading 
its warmth. 


Another kind of furnace 
supplies heat directly to 
water pipes. The pipes then 
supply heat to the water 
flowing through them. From 
there, the heated water is 
forced through the pipes into 
radiators in the different 
rooms. The radiators supply 
heat to the air. Again, as the 
warm air circulates, it 
spreads its warmth. 


The last chapter was about 
temperature as a measure- 
ment of how hot or cold 
something is. This chapter’s 
about measuring heat, for 
example, how much heat is 
supplied to give something a 
certain temperature. 


A balance of temperatures 


Take another look at that pot 
of boiling soup. As long as 
there is a flame under it, heat 
will be supplied to it. But 
something different happens 
when you place that pot on a 
cool surface. Then the pot 
supplies heat to the surface 
until both are the same tem- 
perature. However, it is hard 
to notice that moment when 
the pot and the surface it is on 
are at the same temperature. 
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The pot is also in contact with 
the air. So it is supplying heat 
to the air around it too. After 
a while the pot and the sur- 
face under it will end up be- 
ing the same temperature as 
the air in the room. 


The temperatures of liquids 
that are mixed balance out in 
a similar way. When milk that 
has been in the refrigerator 

is added to hot chocolate, the 
milk becomes warmer and the 
chocolate cooler. Both end up 
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at the same temperature. The 
same sort of thing happens 
when you adjust the tempera- 
ture of the bath water. You 
add hot water if your bath is 
too cool. Then the hot water 
cools down and the cool water 
warms up, until you're left 
with water at one temperature. 
And this happens in a way 
that is easy to study. 
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14-:2a Notice that the room temp- 
erature water is in a styrofoam cup. 
Styrofoam is a very good insulator. It 
keeps the water in the cup from 
supplying heat to the air or the 
balance. It also keeps the water from 
being supplied with any heat that 
might be radiated by the hotplate be- 
hind the balance. 
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In figure 14-2, 70 grams of 
water at 100°C are being 
added to 70 grams of water at 
20°C. The water at 20°C is 
about room temperature. 
Notice that the temperature of 
the 20°C water rises and the 
temperature of the 100°C water 
falls until all the water in the 
cup reaches the same tem- 
perature (figure 14-2c). At this 
point no portion of water 

is supplying heat to the other. 
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The temperature at which this 
happens is called equilibrium 
temperature. 


Every time two materials, each 
at a different temperature, are 
mixed, the mixture will reach 
an equilibrium temperature. 
That is, one will become cooler 
and the other will become 
warmer until both are at the 
same temperature. 
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14-2b Water at 100°C is being added 
to the 70 grams of water at 20°C. The 
temperature of the water in the 
styrofoam cup Is rising 


14-2c Notice that the styrofoam 
Cup now contains 140 grams of 
water at 60°C. The styrofoam cup 

is still acting as an insulator. It keeps 
the water inside from supplying heat 
to the air or the balance. 
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How much heat was supplied? 


In the last section hot water 
was added to cool water. In 
this way, the hot water was 
supplying heat to the cool 
water until the combination 
reached equilibrium tempera- 
ture. The equilibrium tem- 
perature was neatly in the 
middle of the two starting 
temperatures. 


In figure 14-3, 70 grams of hot 
water is again being used to 
supply heat to cool water. But 
this time the temperature of 
the hot water is different than 


it was before. Everything else 
in the experiment is the same. 


The 70 grams of 70°C water 
supply heat to the 70 grams of 
20°C water until they have 
reached equilibrium tempera- 
ture. The equilibrium tem- 
perature is again halfway 
between the two starting 
temperatures. But in this 
experiment, equilibrium tem- 
perature isn’t 60°C. It’s 45°C. 


In both experiments the hot 
water had the same mass. 
(Mass is a measure of the 





quantity of matter.) And it was 
added to the same mass of 
cool water at the same tem- 
perature. Only the tempera- 
ture of the hot water was 
different. And the final tem- 
perature of the mixture was 
different. 


The water at 100°C supplied 
more heat to the cool water 
than did the water at 70°C. 

But how much more heat did 
it supply? And how much heat 
would 70 grams of water of a 
different temperature supply 
to the cool water? 
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14-4 Laboratory notebook page with heat-experiment data. 


A way to measure the amount 
of heat that each cup of hot 
water supplied to the cool 
water is needed in order to 
answer these questions. 


You must take into account 
the mass of the water to which 
heat has been supplied. And 
you must take into account the 
number of degrees that water 
rose in temperature due to the 
supply of heat. 


There is a unit of heat which 
makes these measurements 
possible. It’s called a calorie. 

A calorie is defined as the 
amount of heat that must be 
supplied in order to raise the 
temperature of 1 gram of water 
1°C. It’s an internationally 
accepted unit. 


The notebook in figure 14:4 
shows how many calories of 
heat were supplied to the cool 


water by each cup of hot 
water. The water temperature 
in the first experiment rose 
40°C. It takes 1 calorie to 
raise the temperature of 


takes 70 calories to raise the 
temperature of 70 grams of 
water 1°C. The water tempera- 


ture rose 40°C. So it must 3. 


have taken 2800 calories to 
raise the temperature of the 
cool water (70 calories per 
degree x 40° = 2800 calories). 
Where did those calories come 
from? Notice what happened 
to the temperature of the hot 
water added in this experiment. 


In the second experiment, 
the temperature of 70 grams 
of cool water rose only 25°C 
after the water at 70°C was 
added. At 70 calories per 
degree, a total of 1750 calories 


ho 


(70 calories per degree X 25 
degrees) must have been sup- 
plied by the hot water. 


LESIs VOURSELE 
1 gram of water 1°C. Thus it il, 


What does the term ‘‘equilib- 
rium temperature’ mean? 


What is a calorie? 


Suppose 70 grams of 90°C 
water is added to 70 grams of 
20°C water. The temperature 
of the cool water will rise 
35°C. How many calories 

will have been supplied to 

the cool water? 


How many calories must be 
supplied to 20 grams of water 
to raise the water temperature 
by 7°C? 


How much heat must be sup- 
plied when the temperature of 
150 grams of water rises from 
42°C to 54°C? 
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Calories 
You Eat 
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14-5 


Food supplies the heat 
to run the human “engine” 


Have you ever tried to lose weight by going on a diet? If so, you 
may have studied a Calorie chart, which gives the Calorie values of 
various kinds of food. You might use such a chart as a guide to 
which foods to avoid: those having a high Calorie value. But do you 
know what a Calorie is? how it differs from a calorie? why foods 
that are high in Calories tend to be “fattening”? why if you diet, or 
cut Calories, you may find that you tire rather easily? 

The human body works as a kind of heat engine. The food you 
eat provides its fuel. Your body “burns” food to produce the energy 
you need. 

The greatest part of this energy goes just to keep you alive. It 
regulates body temperature, circulates blood, and keeps other sys- 
tems of your body working. You use the next largest part of the 
energy supplied by food for all kinds of physical activity—anything 
more than resting in bed. And the smallest part of the energy goes 
to digest and release the energy from food. Any part of the food that 
is not needed as energy is stored in the body. 

Scientists measure the energy content of food in terms of the 
heat given off when it burns. Food Calories (with a capital C) are 
really kilocalories. That is, one food Calorie is the same as 1000 of 
the calories you studied about in the last section. Calorie charts 
say a Slice of bread has a value of 60 Calories. If the slice of bread 
burns, it can raise the temperature of 60,000 grams of water 1°C. 

The amount of heat given off by a food when it burns can be 
measured in a bomb calorimeter. The bomb calorimeter (figure 
14-6) consists of an insulated container of water and a sealed metal 
container that looks like a vacuum bottle. The metal container, or 
bomb, holds the food to be tested and more than enough oxygen 
to burn the food completely. The bomb sits in a carefully measured 
amount of water that contains a very accurate thermometer. The 
heat produced by the burning food sample goes through the walls 
of the bomb and raises the temperature of the water. A mechanical 
stirrer in the water keeps the water moving so that equilibrium 
temperature is reached quickly. You can calculate the energy value 
or fuel value of the food from the change in the temperature 
of the water. 





14-6 Bomb calorimeter 


The energy value of foods that you find on a Calorie counter is 
based on bomb-calorimeter measurements. The calorimeter meas- 
ures all available energy that can be obtained by burning the food. 
But your body does not use food so efficiently. Another set of values, 
based on the human body’s use of food energy, is called the 
physiological fuel value. 

The physiological fuel values are obtained by making a series of 
corrections to bomb-calorimeter measurements. These corrections 
take into account the incomplete burning and incomplete digestion 
of the foods you eat. 

Research scientists have found that a gram of salad oil, or fat, 
yields 9.45 Calories in a bomb calorimeter. But the same gram of oil 
supplies only 9 Calories to your body. A gram of carbohydrates, 
such as sugar, yields 4.10 Calories in a calorimeter but 4 Calories in 
your body. And a gram of protein—which is found in meat, poultry, 
and milk—yields 5.65 Calories in a calorimeter but only 4 Calories 
in your body. 
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14-7. The amount of fuel burned by the human engine during around 2 Calories, the ladder climber around 1.5 Calories, 
any activity is measured in Calories per kilogram of body the snowball thrower about 0.5 Calorie, and the bicycle rider 


weight per 10 minutes of that activity. The ice skater is using about 0,75 Calorie. 





Most foods contain all three nutrients—fat, carbohydrate, and 
protein. For example, 100 grams of whole milk contains 4.9 grams 
carbohydrate, 3.9 grams fat, 3.5 grams protein, and 87.7 grams water. 

To find the energy value of the milk, multiply the amount of each 
type of nutrient by the physiological fuel value for that nutrient. 
Thus, the milk contains 4.9 grams times 4 Calories per gram, or 19.6 
Calories of carbohydrate; 3.9 grams times 9 Calories per gram, or 
35.1 Calories of fat; and 3.5 times 4, or 14 Calories of protein. The 
total energy value of the milk can be added in the following way: 
19.6 Calories + 35.1 Calories + 14.0 Calories = 68.7 Calories. 

Now that you've had a snack full of Calories, it’s time to return 
to solid food. So let’s get back to the calories with a small c. 


Table 1 


Caloric Values of Favorite Foods 





Food - 1 serving Calories 

Apple 70 \ 
Apple pie 345 i 
Chocolate cake 445 A 
Chocolate candy bar 150 

Chocolate milkshake 405 

Cola-type beverage 95 

Doughnut 125 

Frankfurter on a bun 270 

French fries, 10 155 | 
Hamburger on a bun 360 | 
Ice cream, 1/4 pint 145 

Milk, whole 160 

Pizza, cheese 185 

Potato chips, 10 Was 

Spaghetti, Italian style 436 

Waffle 210 


357 





358 


ON YOUR OWN 


Calories and your weight 


You can keep track of the Caloric value of the 
food you eat and the way you use your Calories 
with these materials: 


1 small spiral notebook 
1 Calorie booklet (available at a grocery or 
book store) 


In the notebook, write down everything you do 
over a 24-hour period. Record each activity and 


the amount of time you spend at it. For instance, 


record the number of hours you sleep, eat, sit, 
walk up or down stairs, and so forth. 


On another page of the notebook record 
everything you eat and drink over the same 
24-hour period. Be sure not to miss a single 
mouthful. Write down the type of food or drink 
and the exact amount you have consumed, as 
best you can. 


Use the Calorie booklet to find ie total Caloric — 


value of the food and drink you have consumed. 
Then look for the chart that will tell you how 
many Calories you use for each type of activity. 
Find how many Calories you used in 24- DOU 
Compare the two sets of figures. 





Supplying heat with hot metal 


So far only hot water has been 
used to supply heat to the cool 
water. And the experiments 
have all had similar results. 
When hot water was used to 
supply heat to an equal mass 
of cool water, the equilibrium 
temperature of the mixture 
was halfway between the two 
starting temperatures. 


Now let’s supply heat to some 
cool water with pieces of hot 
metal. In figure 14:8, a 70-gram 
mass of iron shot, with a 
temperature of 100°C, is added 
to 70 grams of 20°C water. The 
mass and temperature of the . 
hot iron is the same as that of 
the hot water in figure 14:2. 
For this reason the results of 
the experiments will be easy 
to compare. The same is true 
for the mass and temperature 
of the cool water. 


The pieces of iron, held in a 
plastic cooking bag, are heated 
to 100°C in a cup of boiling 
water. When the room-tem- 
perature metal is first added 
to the boiling water, the water 
stops boiling. Its temperature 
falls as it supplies heat to the 
pieces of iron. 


But the hot plate under the 
boiling water is supplying 
heat to the water, the plastic 
bag, and the iron. So when 
the water returns to a full boil, 


14:8a 





you can assume that the 

equilibrium temperature of 
the water and the pieces of ; 
iron is 100°C. : 


Once the iron is at 100°C, the 
plastic bag is taken from 

the boiling water. The iron is 
emptied into the 70 grams of 
cool water. Notice how much 
the temperature of the water 
and of the iron have changed 
by the time they have reached 
equilibrium temperature 
(figure 14-8c). 





Ech AISLES MARIA SUSUMU a 


The 70 grams of water started 
at 20°C. What is its tempera- 
ture now? The 70 grams of 
iron started at 100°C. What is 
its temperature now? Is the 
equilibrium temperature in 
the middle of the two starting 
temperatures? It was when 
equal masses of water were 
added to each other. 


14-8c 
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Figure 14-9 shows heat being 
supplied to 70 grams of 20°C 
water by a 70-gram mass of 
aluminum shot. The aluminum 
is brought to 100°C in a cup 

of boiling water before it is 
added to the water. Again 
notice the equilibrium tem- 
perature of the mixture. 


How much did the 70 grams 
of water rise in temperature? 
How much did the 70 grams 
of aluminum fall? How do 
these results compare with 
those of the first two experi- 
ments that involved mixing of 
water alone? with the experi- 
ment using iron? 
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There is a striking difference 
between the change in tem- 
perature of the cool water 
caused by the hot water, by 
the hot iron, and by the hot 
aluminum. Other substances 
show still other changes in 
temperature when they are 
used in identical experiments. 


The notebook page in figure 
14-10 shows data from the 
above experiments and another 
experiment in which a 70- 
gram mass of copper shot was 
used to supply heat to water. 
The final temperature column 
gives the equilibrium tem- 
perature of the water and the 
metal. 








14-9b 
The temperature of the 70 
grams of 20°C water rose 40°C 
when 70 grams of 100°C water 
were added to it. Notice that 
none of the 70-gram masses of 
metal shot—all 100°C in the 
beginning—caused the same 
change in the temperature of 
the water. 


The experiment in figure 14:2 
showed that 70 grams of water 
at 100°C added 2800 calories 

of heat to the cool water. Be- 
fore going any further, let’s 
calculate how much heat the 
70 grams of iron supplied to 
the same amount of cool water. 






14-10 Laboratory notebook page with heat-capacity experi- 
ment data. The equilibrium temperature of the metal and 
water is recorded in the “Final Temp.” column. The equilib- 
rium temperature was 60°C when 70 grams of water at 100°C 


In this case the temperature 
of the cool water rose 8°C. The 
temperature of the iron fell 
72°C. So the hot iron supplied 
560 calories (8 degrees x 70 
calories per degree) to raise 
the temperature of 70 grams 
of water 8°C. The 70 grams 

of iron added much less heat 
than the same mass of water! 


The experiment was set up so 
that the hot metal could supply 
heat only to the cool water. 
And there was no other source 
of heat present. Nothing other 
than the iron could have sup- 
plied the 560 calories that 
caused the temperature of the 
water to rise. In addition, 
there was no other substance 
to which the iron or cool 
water could have supplied 
heat. Therefore the iron must 
have supplied all of the 560 
calories to the water. 


hot water. 


The 70 grams of iron gave up 
560 calories to raise the tem- 
perature of the water 8°C, 
thereby lowering its own 
temperature by 72°C. Ihe 
notebook page in figure 14:10 
shows how many calories each 
of the other 70-gram masses 
of metal shot supplied to the 
20°C water. 


When equal masses of hot 
water and cool water were 
added, the temperature of the 


hot water fell the same number 


of degrees as the temperature 
of the cool water rose. So the 
hot water must have supplied 
1 calorie to the cool water for 
every gram that rose 1°C. And 
each gram of hot water dropped 
1°C for each calorie that it 
supplied. 


| Heat supplied 
to water 
calories 


were added to 70 grams of water at 20°C (pages 350-351) 
The results are different when hot metal is used instead of 


On the other hand, each gram 
of the metals dropped more 
than 1°C for each calorie they 
supplied to the cool water. To 
prove this to yourself, study 
the data in figure 14°10. 


This is where another meas- 
urement useful in studying 
the transfer of heat comes in. 


The amount of heat that must 
be supplied to raise the tem- 
perature of 1 gram of a sub- 
stance 1°C is called the heat 
capacity of that substance. 
Heat capacity is also the 
amount of heat that a gram of 
a substance gives up when its 
temperature drops 1°C. 
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Heat capacity 


The heat capacity of water is 1 
calorie per gram per degree. 
That is, 1 calorie must be sup- 
plied to raise the temperature 
of 1 gram of water 1 degree 
Celsius. Or, 1 gram of water 
must lose 1 calorie of heat for 
each 1-degree drop in 
temperature. 


You can calculate the heat 
capacity of iron with the 
figures from the experiment 
in figure 14-8 as follows: 


The 70-gram mass of iron 
supplied 560 calories to the 
cool water. It gave up these 
560 calories, or 8 calories for 
each gram of iron to do so. To 
find how many calories each 
gram of iron gave up for 
each 1-degree drop in tem- 
perature, divide the 8 by the 
number of degrees the tem- 
perature of the iron fell. In 
this case, the drop was 72°C. 
If you divide 8 by 72, you get 
0.11. So the heat capacity of 
the iron is 0.11 calories per 
gram per degree. 


You will get the same mathe- 
matical result if you divide 
the 560 calories by 70 grams 
times 72°C. To find the heat 
capacity of any substance use 
the following equation: 
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Heat capacity 
_ heat given up or gained 


mass X temperature change 





Put the figures from the ex- 
periments with the other 
metals into this equation. 


Table 2 gives the accepted 
figures for the heat capacities 
of some common materials. 


Table 2 
Heat Capacity 


calories per gram 
Substance per 1°C 


Aluminum 





Mercury 
Silver 
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1. How many calories are re- 
quired to raise the tempera- 
ture of 12 grams of copper 
Da 


2. How much heat must be sup- 
plied to raise the temperature 
of 600 grams of silver from 
0°C to 100°C? 


3. What mass of water at 96°C 
must be added to raise the 
temperature of 30 grams of 
water from 20°C to 36°C? 





. What mass of water at 72°C 


4. What mass of lead at 100°C 


must be added to raise the 
temperature of 50 grams of 
water from 20°C to 25°C? 









must be added to raise the 
temperature of 300 grams of 
silver from 15°C to 45°C? 





Pots and 
Pans and 
Other Things 


14-11a Ancient Egyptian ceramic 
bowl 





°44-11b Modern ceramic cookware 


Heat capacity and heat conductivity 
are important in the design 
of everyday objects 


As long ago as the Stone Age, people made pots out of ceramics. 
This material was used almost all over the world. But ceramic cook- 
ing pots have two serious problems. They tend to break at high 
temperatures. And, of course, they break when dropped. So hun- 
dreds of years ago many people gave up ceramic cooking pots in 
favor of metal ones. 

Now scientists have developed new heat- and shock-resistant 
ceramics. Some are so strong they can be used in the nose cones of 
rockets. With the development of these stronger materials, cooks 
and designers again became interested in the heat-related, or 
thermal, properties of ceramics. 

Take the frying pan as an example. It must be made of a material 
that will conduct heat quickly from the outside to the inside. But 
the material should not give off so much heat that the pan can be- 
come hot unevenly. Such a situation produces unevenly cooked 
food. And the pan shouldn’t be so thick that it will buckle from 
expansion when heated. 

Metals meet some of these requirements, but have problems with 
others. Ceramics enter the scene here. They do not conduct heat 
as well as metals. So ceramic pans keep a more even temperature 
than metal pans. Ceramics also do not expand as much as metals. So 
ceramic pans do not buckle when they are heated. 

Though ceramics have made a comeback, metals are still the most 
popular for pots and pans, for a very good reason. They are the best 
conductors of heat. A metal pan will get hot much more quickly 
than a ceramic one of the same size. And though some ceramics are 
shock-resistant, metal pots and pans are still less likely to break if 
dropped. But metal pots and pans buckle when they are overheated. 

Metals have some good points and some drawbacks for pots and 
pans. The same is true when metals are used for other things. 
Window frames are an example. 
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14:12a The wooden window frame is clear in the winter. 
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In terms of thermal properties, wood makes better window frames 
than do metals. Wood does not conduct heat easily and it expands 
very little when heated. Plaster, brick, and other common building 
materials have thermal properties similar to those of wood. So 
wooden window frames expand and contract with the walls that 
surround them. But they do have a drawback. Wooden window 
frames must be painted often to protect the wood from dampness. 
If they are not cared for, wooden window frames will rot. 

To avoid the painting and scraping wood needs, architects began 
to use metal window frames. But the metal window frames caused 
a new Set of problems. Metal conducts heat so well that the window 
frames become icy in the winter and hot in the summer. In addition, 
the metal contracts with cold more than either the wall around it or 
the window glass. Thus, a metal window frame lets in cold air in the 
winter. In the summer, the metal expands more than the wall, and 
the windows become hard to open. 
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14-12b The metal window frame can become iced over. 





14-13 Fiberglass insulation being 
installed in the attic of a house. 


Modern metal buildings are affected by the same thermal prop- 
erties as metal window frames. An architect who designs a metal 
building must allow for expansion and contraction of the metal. 
Some aluminum or steel buildings have the same kind of tooth like 
seams as concrete bridges. On other buildings, the architects ask 
for special mixtures of metals called alloys. Most alloys have dif- 
ferent thermal properties than the original metals. One alloy, invar 
steel (about 65% iron and 35% nickel), expands only about one 
fortieth as much as ordinary steel. Other alloys expand even less. 
But such alloys cost more than ordinary metals. 

The problems in a modern glass building differ from those in a 
metal building. But there are just as many of them. One problem 
concerns the heat that enters a glass building when the sun shines 
on it. Another problem involves the heat that leaves the building 
when the weather is cold. The need for privacy is not the only rea- 
son that people living in all-glass buildings have floor-to-ceiling 
curtains. The curtains help keep the heat from escaping in winter 
and entering in summer. 

Thermal properties of building materials also affect the design of 
ordinary houses. Solid stone walls will keep a house warm in winter 
and cool in summer. But they are expensive and must be very thick. 
So builders have found other materials to do that job. As long as 
air does not move around, it does not transport heat well. So houses 
are insulated, or protected from too much heat in summer and too 
little in winter, with materials that trap air. These materials are 
lightweight, inexpensive, and effective (figure 14-13). 

Industrial designers and manufacturers must be aware of the 
thermal properties of other kinds of materials also. Automobile 
engines, furnaces and heating ducts, stoves and refrigerators, roads 
and bridges—all depend upon the thermal properties of the 
materials of which they are made. 
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Heat Engines 


14:14 Hero's Aeoli 
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The history of the machines 
that convert heat 
to energy of motion 


Steam 

The ancient Greeks knew how to convert heat into the energy of 
motion. One named Hero made a steam toy called an aeolipile 
(efol a pil’). It was a flask with a small opening (figure 14-14). 
Hero mounted the flask so it could turn. Then he filled it with 
water and heated it. Steam escaping through the opening made the 
flask spin. 

The aeolipile remained a toy because the Greeks did not feel a 
need for machinery to do work. The rich had horses, oxen, or slaves 
to do their work. The rest of the people managed without any of 
these. This was the case throughout the world until the 1600’s. 

Up to that time people generally did work at home or in small 
shops. They made cloth and other ordinary things that way. By the 
1700’s people were beginning to try things that had never been 
tried before. They started working together in big groups in fac- 
tories. Windmills or animals supplied power for the machines. But 
these simple sources could not provide enough power. More com- 
plex and more powerful machines were needed. 

The need for more powerful machines was greatest in the mines. 
Metals were very important and there were serious problems in 
mining them. The deeper a mine was, the more water seeped into 
it. So more water had to be pumped out. At first, windmills and 
animals supplied power to the pumps that removed the water. But 
these pumps could not remove enough water fast enough. 

The early steam engines were developed to increase the amount 
of water that could be pumped out of the mines. Thomas Savery, 
an English military engineer, was the first to make use of the power 
of steam in a steam engine. 

The Savery engine kept the steam in a small container. Because 
steam has a great tendency to expand, it pushed very hard against 
the container sides, one of which was movable. The movable side, 
called a piston, was pushed outward. This motion was transferred 
to move the pump. However, Savery’s engine had a serious prob- 
lem. The pressure in the container could become too high. It was 
likely to explode. 





Another Englishman, Thomas Newcomen, invented a steam 


engine that could work at a pressure no higher than that exerted on 
the earth by the atmosphere. Newcomen’s engine cost more to run, 
but it did the job more safely (figure 14-15). 

James Watt, who is usually given credit for inventing the steam 
engine, was really trying to improve on the Newcomen engine. 
Watt developed an engine which was more efficient and much 
cheaper to run than Newcomen’s engine. Watt’s engine, like the 
earlier ones, was for pumping water. But it was the first com- 
mercially successful one. He continued to work on it until, in 1783, 
he patented a steam engine that could be used for purposes other 
than pumping water out of mines. 

Watt’s steam engine was so successful that it led him to work out 
a way of measuring the rate at which engines do work. Watt needed 
a basis on which to charge for the use of his engines. He decided to 
compare the amount of work a steam engine can do with the 
amount of work a horse can do. So he did research to find out just 
how much work a horse does. 

Watt found that a strong horse can raise a weight of 150 pounds 
about 3 2/3 feet in one second. He called this rate of doing work— 
550 foot-pounds per second—one horsepower. (Multiply 150 
pounds by 3 2/3 feet to get 550 foot-pounds.) 


14-15 Model of the Newcomen en- 
gine. The large wooden beam was 
balanced in the center. The piston 
hanging from the lefthand side of 

the beam fits into the grey cylinder. 
Steam let into the cylinder forced 

the piston up. The lefthand side of 

the beam rose and the righthand side 
of the beam went down. Cold water was 
then sprayed into the cylinder to con- 
dense the steam. When the steam 
pressure was gone, the piston dropped. 
The lefthand side of the beam fell. 

And the righthand side of the beam rose 
again. The righthand side was attached 
to the piston of a pump in a mine. 
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14-16 Model of the Watt engine. 
In this engine, the condenser and the 
cylinder were separate. The cylinder 
did not have to be reheated for each 
stroke of the piston. Thus the engine 
needed less fuel and was less ex- 
pensive to run. 
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Watt measured the work in foot-pounds because those were the 
units used in England during the 1700’s. The metric system, de- 
veloped in France in 1791, did not exist when Watt did his research. 
But we can redefine horsepower in metric units. One horsepower 
in metric units is equal to 75 kilogram-meters per second or 735.5 
watts. 


It is impractical to use real horses when you need a lot of horse- 
power. So more powerful and more efficient machines were invent- 
ed. Steam engines were developed that could provide power for the 
machinery in factories. The steam locomotive and the steamship 
improved transportation and speeded up the shipping of products 
needed by factories and made by them. 

The principle behind the steam engine is simple. When you 
supply enough heat to water to cause it to boil, it turns into steam. 
Steam takes up about 1700 times as much space as the water from 
which it formed. If you boil the water in a closed container, the 
steam pushes against the sides of the container. So if you make one 
side of the container movable, the steam will push against it and 
move it. The movable part of the steam engine is called the piston 
(figure 14-17). 











14:17 Modern reciprocating steam 
engine. The slide valve is open, al- 
lowing steam to enter the lefthand side 
of the cylinder. The steam forces the 
piston to the right. Used steam is 
pushed out the righthand vent. The 
piston rod pushes the connecting rod 
which moves the crankshaft. The wheel 
turns to the right. The slide valve is 
then pulled back, allowing steam to 
enter the righthand side of the cy- 
linder. The steam pushes the piston 
to the left. Used steam is pushed out 
of the lefthand vent. The piston rod 
pulls the connecting rod which now 
pulls the crankshaft. The wheel keeps 
turning toward the right. 


steam exhaust 
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None of the steam engines existing in the late 1700’s and early 
1800’s was very efficient. They were all reciprocating engines. That 
is, their pistons moved back and forth. This piston motion caused 
much vibration. And the largest of these engines‘could deliver only 
6500 to 7800 horsepower. But the steam turbine, a new heat engine 
invented in the 1880's, vibrated very little. It took up less space and 
it could produce up to 60,000 horsepower. 

A steam turbine has blades mounted on a metal core that can 
turn (figure 8-16, page 200). When a jet of steam hits the blades, the 
pressure of the steam causes the blades and the core to rotate. Thus, 
no other parts are needed for a steam turbine to provide high-speed 





rotating motion. 

Steam turbines were first used to propel steamships. At present 
they are most widely used to generate electricity (see page 200). 
Steam turbines could generate so much electricity that a variety of 
electric motors were developed to make use of it. Electric motors 
quickly replaced the small steam engines as power sources for fac- 
tories. But electricity and the electric motor did not remove the 
need for steam and other heat engines. A whole series of small heat 
engines was developed throughout the 1800’s. In the new engines, 
heat was supplied to many substances other than water. But these 
engines did not become popular until fuels such as natural gas and 





gasoline became commercially available. 


369 













rocker arm spark plug 












intake 
valve 


he 


cylinder Lo 
piston 


connecting _ 
rod 


cam 
camshaft — 


crankshaft 


COMPRESSION STROKE 


Other heat engines 

Small heat engines are still very useful in many places. Public 
buildings such as schools and hospitals often have gas-powered or 
oil-powered steam engines to generate electricity in emergencies. 
The automobile or internal-combustion engine, the diesel engine, 
the gasoline-burning or gas-turbine engine, and the jet airplane 
engine are all heat engines. Each of them depends on the application 
of heat. 

In the internal-combustion engine, fuel is burned in the piston 
chamber rather than in a separate combustion chamber (figure 
14:18). The burning fuel forms hot gases that expand against the 
piston. As the piston returns to its original position it pushes out 
the gases. Like the piston steam engine, the internal-combustion 
engine is limited in size. The need for larger engines, and the suc- 
cess of the steam turbine led to the development of the gas turbine. 

The gas-turbine engine can provide power for something as 
large as an airplane or an ocean-going ship. In the gas turbine, fuel 
burns in a separate chamber. Then hot gases are expelled so that 
they push against the blades of the turbine. On some ships, gas 
turbines have replaced steam turbines. And gas turbines drive the 
propellers on turbo-prop airplane engines. 

The jet airplane engine is also a gas turbine. But it moves the 
aircraft by jet propulsion. In the jet engine, the stream of rapidly 
expanding gases is directed out of the engine. As the stream of 
gases moves out of the rear of the engine, the plane moves forward. 
The gas turbine engine is very efficient because it has only one 
main moving part. It wastes very little energy on friction. 


14-18 The four cycles of a cylinder in an internal combustion 
engine. The combination of gasoline and air from the carburetor 
enters the cylinder (intake stroke). The mixture is compressed 
(compression stroke). The spark plug ignites the gases and they 
expand pushing the piston back out (power stroke). The exhaust 
gases are then pushed out of the cylinder (exhaust stroke). 


The engine is built so that the power stroke of each cylinder 
takes place at a different time. Thus the crankshaft keeps 
turning, moving the piston up and down through the three non- 
powered strokes. 
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Rocket engines are similar to jet engines. In fact, you could think - 
of them as jet engines that contain all their fuel within the same 
system. Rockets burn their fuel very rapidly—almost in a controlled 
explosion. The great amount of power produced by the fuel “ex- 
plosion”’ propels the rocket-powered vehicle forward for a great 
distance. 

Our society has become dependent on the machines run by heat 
engines. More efficient heat engines are being developed every 
day. And research goes on to make better fuels to run the tools of 
our age with less pollution. 
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Chapter 15: Boiling Water and 
Melting Ice 


The teakettle whistles while 
you're out of the kitchen. As 
the water in the kettle boils, 
it turns to steam. It’s es- 
caping steam that makes the 
kettle whistle. 


Ouch! You shouldn’t have 
grabbed the metal handle of 
the kettle with your bare 
hand. The handle wasn’t in 
contact with the fire, but it 
was hot enough to burn you. 
The metal conducted heat 
from the bottom of the kettle, 
which was over the fire, to 
the handle. An ice cube 
against the burn will make it 
feel better. The ice melts 
when it touches your warm 
finger. 





Ice, water, and steam are 
the same substance, but ice 
is a solid, water is a liquid, 
and steam is a gas. This 
chapter is about the struc- 
ture of solids, liquids, and 
gases. 





% 4 a ee 
Water is dripping onto the ice cube. 
Water vapor or steam Is rising from 
the cube. 
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Melting ice 


Nothing is quite as refreshing 
as a cold glass of water on a 
hot summer day. To be really 
cold, the water must contain 
some ice. The water stays 
cold until all the ice has 
melted. 


The experiment in figure 15-1 
shows why melting ice keeps 
the water cold. Other sub- 
stances act the same way ice 
does when they change from 
their solid to their liquid 
states. In the experiment, some 
finely crushed ice with a ther- 
mometer stuck into it sits ina 
beaker. The beaker rests on 

a hot plate. The hot plate is at 
a very low setting. A timer 
stands behind the hot plate. 
Nothing is added to or re- 
moved from the beaker during 
the experiment. The same 
mass of water is affected by 
the same amount of heat in 
any 5-minute period. 


You can see what happens to 
the temperature of the water— 
solid and liquid—by referring 
to figures 15-la-d. Notice 

the temperature of the melting 
ice in the beaker over a 5- 
minute period. Compare it to 
the change in temperature of 
the melted ice (water) over a 
5-minute period. 


15-la 


15-1b 
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The same amount of heat was 
supplied to the ice over a 5- 
minute period as was sup- 
plied to the melted ice over 
the same amount of time. But 
there is no change in the 
temperature of the ice. In fact, 
there is no change in the 
temperature of the ice until it 
has almost completely melted. 


The temperature of the water 
containing ice begins to rise 
slowly when most of the ice 
has melted. The heat being 
supplied by the hot plate 
raises the temperature of the 
water. The warmed water then 
supplies heat to melt the 
remaining ice. By the time all 
of the ice is melted, the tem- 
perature is slightly above 0°C. 


In the experiment, the heat 
supplied with no resulting 
change in temperature must 
have been used to melt the 
ice. As soon as the ice melted, 
the temperature of all the 
water in the beaker began to 
rise (figure 15-1d). 
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15-1c 





15-1d 


If it were possible to attain 
temperatures high enough to 
melt a piece of aluminum in 
the classroom, you would find 
that the same thing happens 
to aluminum during melting. 
Its temperature remains con- 
stant, at its melting point, 
until the piece of aluminum 
is melted. 


The heat that must be sup- 
plied to a solid at its melting 
point for it to melt is called 
the heat of fusion. The heat of 
fusion of any solid, from an 


ice cube to a load of scrap 
iron, is the number of calories 
that must be supplied to 
change 1 gram of that solid to 
a liquid. 


When heat equal to its heat of 
fusion is used to change a 
solid to a liquid, there is no 
change in temperature of the 
substance being melted. 


15-2 Laboratory notebook page. 

Top: Data from student's ice melting 
experiment. The temperature of the 
melting ice and water is recorded at 
5-minute intervals until the ice is melted. 
It is again recorded at 5-minute 

intervals after the ice is melted. 

Bottom: Graph of time versus 
temperature during and after 

melting of ice. 








15-3 The temperature of the salt-ice mixture rises as the 


water inside the test tube freezes. 


Substances that melt can also 
become solid again. The 
process is reversible. Water is 
frozen to obtain ice. And 
molten aluminum hardens into 
aluminum bars when it is 
cooled. When a substance 
freezes, it gives off heat equal 
to its heat of fusion (figure 
15:3): 


Scientists have determined 
how much heat must be sup- 
plied to various solid sub- 
stances for them to melt. You 
can compare the heat of fusion 
of a substance with its heat 
capacity by using Table 2, 
page 362 and Table 1, here. 
Does the substance that has 
the lowest heat of fusion have 
the lowest heat capacity? 
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Table 1 


Heats of Fusion 


Substance calories per gram 
Alcohol 25.0 
Aluminum aie 
Copper 42.0 
Ice (water) 80.0 
Lead eu) 
Mercury 2.8 
Oxygen 3.3 
Silver 21.0 
Sulfur 13.0 
Tin 14.0 





Boiling water 


You put a pot of water on the 
stove to boil so you can make 
a cup of hot chocolate. Then 
the telephone rings and you 
forget all about the boiling 
water. When you remember 
and run to the stove, the pot is 
almost empty. The amount of 
water left in the pot depends 
on how much water you put 
into the pot originally and 
how long it had boiled. 


Of course the boiling water 
became steam. It changed 
from a liquid to a gas. But 
there is more to it than that. 
Consider the experiment in 
figure 15-4. 


The photographs show a ther- 
mometer in a cup of water. 
The cup sits on a hot plate 
kept at a medium setting. A 
timer is behind the hot plate. 
No water is poured out of the 
cup during the experiment. 


Notice how long it takes the 
temperature of the water to 
rise from 60°C to 90°C. When 
the water reaches 100°C, it 
stays at that temperature 
(figures 15-4c and 15:4d). 


You can use this information 
and the heat capacity of water, 
1 calorie per gram per de- 
gree, to estimate how much 
heat is needed to change 1 
gram of water to steam. 
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Notice that it takes 2 minutes 
to raise the temperature of the 
water a total of 30°C (90°C 

— 60°C = 30°C). Then use the 
idea that it takes 1 calorie to 
raise the temperature of each 
gram of water 1°C. So 30 
calories of heat must have 
been supplied to each gram 
of water during the 2 minutes 
the temperature was rising. 


The water remained at 100°C 
for 36 minutes while the water 
was changing to steam. But 
the temperature of the hot- 
plate coils did not change. 
Since 30 calories were sup- 
plied to each gram of water 
during the 2-minute period, 
you can estimate how many 
calories were supplied during 
the 36-minute period. 

Divide the 36 minutes by 2 
minutes, to get 18. Then 
multiply this number by 30 
calories. 
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You get 540 calories, the 
amount of heat supplied to 
each gram of water at 100°C 
during the 36 minutes. 


The heat supplied during the 
36 minutes without change in 
temperature is the heat used 
to change the water to steam. 
The heat that must be sup- 
plied to a liquid to change it 
to a gas is called the heat of 
vaporization. The heat of 
vaporization of any liquid is 
the number of calories that 
must be supplied to change 1 
gram of that liquid to a gas. 
Use Table 1 (page 378) to 
compare the heat of vapor- 
ization of water, 540 calories 


per gram, to its heat of fusion. 


In more complex experiments, 
scientists have measured 
what happens when the proc- 
ess is reversed. They have 


Water has 
boiled away 
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found that gases give off an 
amount of heat equal to the 
heat of vaporization when 
they are condensed to form a 
liquid again. For example, if 
you were to bubble steam 
through cool water, the tem- 
perature of the water would 
rise as the steam condenses. 


There is always a heat balance. 
The amount of heat supplied 
to increase the temperature or 
change the state of a substance 
is given off when the tempera- 
ture falls or the substance is 
returned to its original state. 


TEST YOURKSERE 
1. How much heat is absorbed by 
1 gram of ice when it melts? 


2. What happens to the heat 
absorbed by a substance 
during melting as it be- 
comes solid again? 


3. Define heat of vaporization. 


- 





Water— 
Great Stuff! 





Water has some unusual properties 


It’s very convenient to use water as an example to study the solid, 
liquid, and gaseous states of matter. It’s handy just to turn on the 
faucet. It’s inexpensive. You can get a rather large amount of water 
and a relatively small water bill in comparison. And it’s one of the 
least harmful substances to people. Clean water has no odor and 
no taste. It can’t poison you or seriously damage your clothes. And 
water does have some other interesting properties. 

One of the unique properties of water is that it expands when it 
freezes. Most substances contract when they change from the liquid 
to the solid state. But water grows about 10 percent larger. Think 
about ice cubes in a glass or icebergs in the ocean. Ice floats on 
water. It has less mass per unit volume than liquid water. Water is 
densest at 4°C. If you apply heat to water at 0°C, the water will 
contract until it reaches 4°C. Above 4°C water acts like other sub- 
stances and expands as it gets warmer. But it never expands enough 
to be less dense than ice. 
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This strange behavior of water on freezing makes life on earth 
possible. If water behaved like other substances, the ice that forms 
in cold weather would always sink. Rivers, lakes, and even parts of 
the ocean would be frozen solid in winter. The more northern 
bodies of water would remain frozen permanently. No plants or 
animals could live in them. 

Another property which makes water unusual is its extremely 
high heat capacity. It absorbs and releases more heat per gram than 
most substances. At sea level, water absorbs 1 calorie per gram- 
degree until it reaches a temperature of 100°C. Because it has such 
high heat capacity, water makes a good cooling agent for many 
industrial processes. For example, it absorbs excess heat in steel 
mills. For the same reason water is also a good heating agent. Many 
homes and other buildings are heated by radiators filled with cir- 
culating hot water. 

Water is also an extremely stable substance. It is so difficult to 
break down water into its component parts that until 1783 scientists 
thought it was an element. In that year, Henry Cavendish (kav’ on 
dish) of England synthesized water from oxygen and hydrogen. In 
a well-equipped laboratory, it’s easy to form water: If heat is ap- 
plied, hydrogen and oxygen combine explosively to form water. 
Water also forms when pure hydrogen burns quietly in air. On the 
other hand, a tremendous amount of energy is needed to break 
apart water into the original hydrogen and oxygen. 

Water comes close to being the ‘‘universal solvent.” It can dis- 
solve most substances at least a little—even glass is slightly soluble 
in water. Water dissolves so many substances so well that almost 
no pure water exists in nature. The water in our lakes, rivers, and 
oceans consists of a solution of the various substances with which 
the water has come in contact. But water can be purified. When 
it changes into a gas it leaves behind the substances that were 
dissolved in it. So when water evaporates it purifies itself. A supply 
of pure water is very important. Many living things can exist 
without oxygen, or without light, but none can exist without water. 





Comparing the states of matter 


The previous sections made 
three points: (1) Heat must be 
supplied to substances in the 
solid state in order for them 
to melt. (2) Heat must be sup- 
plied to substances in the 
liquid state in order for them 
to vaporize, or become gases. 
(3) Substances give off heat 
when they change from gases 
to liquids and when they 
change from liquids to solids. 
All of these are due to the 
differences among solids, 
liquids, and gases. Let’s con- 
sider some of these differences. 


The characteristics of solids 
range from those found in a 
block of steel to those in a 
piece of paper or a grain of 
sugar. But all substances in 
the solid state have two 
properties in common. They 
retain their shape and they 
retain their volume as long 
as their temperature stays the 
same. For example, you can 
divide a 100-cubic-centimeter 
block of a solid into 10 equal 
pieces and place each piece in 
a cup. Each piece of the solid 
will keep its own shape and 
will retain its volume of 10 
cubic centimeters. 


15:6a 

















15:7a_ The large graduate cylinder 
contains 100 milliliters (cubic centi- 
meters) of liquid. 
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Substances in the liquid state 
range from alcohol to maple 
syrup to molten metal. But all 
substances in the liquid state 
have two properties in com- 
mon. They assume the shape 
of the container into which 
you pour them and they re- 
tain their volume, as long as 
their temperature does not 
change. When you divide 100 
cubic centimeters of liquid 





15:76 Each small container holds 10 ml 


into 10 equal parts, each part 
will assume the shape of the 
container into which you pour 
it. But each part will retain 

its volume of 10 cubic centi- 
meters, just as a solid would. 


The characteristics of gases 
vary from those of toxic carbon 
monoxide to those of the air 
you breathe or of steam. But 
all gases have two properties 





of liquid. 


in common. All substances in 
the gaseous state assume both 
the shape and the volume of 
their container. A gas will 
take up all of the space avail- 
able to it. You can show that 
one large flask of a gas 

with a distinct color will ex- 
pand to fill 10 large flasks, or 
that 10 cubic centimeters of 

a gaseous substance with a 
distinct odor will expand to 


it was used to fill. 





15-8 All of the flasks in both pictures have the same volume. It is easy to find the 
original flask in the picture on the right. It still contains more gas than any of the flasks 


fill an entire classroom. Think 
of how easily you detect even 
the slightest leak from a gas 
stove. 


A very small amount of a sub- 
stance can fill a much greater 
space as a gas than it could as 
a liquid or solid. And 1 cubic 
centimeter of that gas will 
have less mass than it would 


in either the liquid or solid 
state. 





Tibet O US ELE 
1. In what way are solids and 


liquids different? liquids 
and gases? 
2. In what way are solids and 


liquids alike? liquids and 
gases? 
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Supplying heat 
without change of state 


cool water hot water 


You must supply heat to a 
solid to bring it to its melting 
point. And you must supply 
heat to a liquid to bring it to 
its boiling point. But supply- 
ing heat also causes most 
solids, liquids, and gases to 
expand. You used the property 
of expansion to make a 
thermometer. 


Heat affects still another prop- 
erty of matter. Figure 15-9 
shows what happens when 
you carefully put a drop of ink 
into a glass of still water. The 
ink mixes through the still 
water without any stirring. 
This mixing is called diffusion. 
The ink diffuses more rapidly 
with the hot water than with 
the cool water. And once they 
have diffused, you have a 
solution of colored water. That 
is, every part of the water 
contains the same amount of 
ink as every other part. 





15:9a 


A similar thing happens when 
you put sugar into a cup of 
tea. If you do not stir the tea 
and sugar, the sugar will 
slowly diffuse into the hot tea 
surrounding it. First the sugar 
dissolves (forms a solution) in 
the layer of tea at the bottom 
of the cup. Then this solution 
diffuses throughout all the tea 
in the cup. At that point, a 
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teaspoonful of tea from any 
part of the cup will taste the 
same. 


If you stir the tea and sugar, 
or the ink and water, diffusion 
will take place more rapidly. 
Stirring brings the ink in con- 
tact with more of the water 
and the sugar in contact with 
more of the tea. That is, it 
enlarges the area in which 
diffusion can take place. 


Gases also diffuse more rap- 
idly when stirred or heated. 
For instance, vapors of cook- 
ing food diffuse into the air 
to carry the odor of a good 
supper from the kitchen to 
your nose. 


Tepe YOURSELE 

1. Describe what happens when 
a drop of ink diffuses into a 
glass of water. 


bo 


Will a teaspoon of sugar dif- 
fuse more rapidly in iced tea 
or in hot tea? 


3. Which of the following are 
solutions? 
a) oil and water 
b) carbon monoxide and air 
c) salt and soup 
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There 
Isa 
Model 


15°10 Structural model of halite 
(sodium chloride) crystal, showing 
position of molecules. 
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The molecular structure 
of matter 


Examine the variety of solids in figure 15-11. These are all simple 
solids that undergo change of state when heat is supplied to them. 
Notice that they all have crystal shapes. (For the time being, let’s 
ignore complex solids like wood or paper that change into different 
substances when heat is supplied to them.) Crystals are regularly 
shaped pieces of pure substances with angles and flat surfaces. 

Some crystals are unusually large. These occur only rarely in 
nature. Very small crystals frequently occur in minerals (solid sub- 
stances in nature that are neither of plant nor animal origin). These 
can be seen only with a magnifying lens or microscope. 

The molecular theory of matter helps explain the structure of 
crystalline (made of crystals) solids. In this commonly accepted 
theory, the molecule is the smallest particle into which a substance 
can be divided without changing it into another substance. 

According to this same theory, the molecules in crystals occupy 
fixed positions in regular arrangements (figure 15-10). In the sim- 
plest arrangement, the molecules are located at the corners of an 
imaginary cube. The molecules of sugar, table salt, and many metals 
are arranged in this way. 

The external appearance of a crystal of any of these substances re- 
flects the arrangement of its molecules. Thus crystals of sugar, 
table salt, and many metals have rectangular or square sides (or 
faces) with right angles between them. Other substances have a 
more complex arrangement of molecules and more complex crystals. 

Crystalline solids retain their shape because their molecules are 
in fixed positions. (Non-crystalline solids, such as wood or paper, 
also retain their shape because of the positions of their molecules. 
But this is the subject of the next unit.) Each molecule occupies a 
given space and therefore the substance is solid. 


15-11 Top left: halite. Top right: galena, an ore of lead. 
Center left: calcite. Center right: sphalerite. Bottom left: apatite 
in a different form of calcite. Bottom right: frost on a window. 


Crystals of halite, galena, and sphalerite are four sided, or cube 
shaped. Calcite and apatite are six sided, or hexagonal. Frost 
crystals are also six sided. But in this photo they are not 
magnified enough for the shape of the crystals to be seen. 











15:12 Zig-zag pattern of a pollen 
grain during Brownian motion. 
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Why don’t liquids and gases have shapes? 

The molecules of liquids and gases are not bound into the same 
sort of structure as the molecules of solids. Their readiness to flow 
and their lack of shape indicate their freedom of motion. 

Robert Brown discovered evidence for molecular motion in fluids 
as early as 1828. Brown, a botanist, was studying pollen grains. He 
suspended some microscopic pollen grains in water and observed 
them through a magnifying lens. The pollen grains did not stay still 
(figure 15-12). They jumped around in random zigzag patterns as if 
they were constantly being pushed. The activity of the pollen grains 
is called Brownian motion. Other microscopic particles also show 
Brownian motion. 

Scientists have studied Brownian motion in a variety of sub- 
stances. They are sure that the motion is not caused by anything 
within the particles that are jumping around. Instead they think 
the molecules moving in the liquid push the suspended pollen 
grains or other particles around. Scientists accept Brownian motion 
as a form of evidence that much and rapid molecular motion takes 
place in liquids. 

The scientists also found that Brownian motion occurs in gases. 
You can see Brownian motion when you look through a magnifying 
lens at dust particles suspended in still air and reflected in a ray of 
sunlight. The random zigzag movements of the dust particles are 
Brownian motion. The gas molecules constantly moving in air 
are bumping the dust particles and making them move around. 





There is other evidence for rapid molecular motion within liquids 
and gases. Remember how rapidly the drop of ink diffused into the 
still water or how rapidly cooking odors diffuse through the air. 
Since the ink was not stirred into the water, the motion of the 
water molecules must have helped it diffuse. And cooking odors 
diffuse through still air much more rapidly than ink diffuses 
through still water. So gas molecules must move even more rapidly 
than liquid molecules. 

Gas molecules are freer or farther apart than liquid molecules. 
For this reason, a substance has far less mass per unit volume in 
the gaseous state than it would have as a liquid. The molecules of 
a gas can spread out enough to enable the gas to fill its container, 
even if that container is an entire school building. 


What are heat of fusion and heat of vaporization? 

The molecular theory helps explain what happens when you supply 
heat to a solid at its melting point. When a crystalline solid melts, 
the regular arrangement of its molecules disappears. The heat sup- 
plied during melting supplies the energy to overcome the force 
holding the solid molecules in a regular crystalline pattern. The 
heat energy changes the pattern of the molecules from the regular 
arrangement of a solid to the freely moving pattern of a liquid. Thus, 
the heat of fusion of a solid is the amount of heat energy which 
breaks down the molecular pattern of one gram of that solid. 


15-13 Cartoonist’s impression of 

Brownian motion. Pollen grains are 
being bounced around by moving 

molecules of a liquid or gas. 
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The same sort of thing happens when you apply heat to a liquid. 
The heat applied to the liquid overcomes the force that holds the 
liquid molecules together. The heat of vaporization per gram of 
liquid is greater than the heat of fusion per gram of solid for a 
given substance. Therefore, the force between liquid molecules is 
greater than the force holding the molecules in the crystalline pat- 
tern of a solid. The heat supplies the energy to break the liquid 
molecules apart so that they can move independently through space 
and fill any container as a gas. Thus, the heat of vaporization of a 
liquid is the amount of heat energy needed to free the molecules of 
one gram of that liquid. 


Heat without change of state 

What happens when you supply heat to a substance and it does not 
undergo a change of state? The substance becomes hotter, of course. 
Its temperature rises. And the substance expands as it gets hotter. 
Its molecules move farther apart. Diffusion occurs more rapidly at 
higher temperatures. Brownian motion also becomes more rapid 
as you apply heat. You can watch the pollen grains suspended in 
water begin to move more quickly as the light under the microscope 
heats the water. Why? 

As you heat a substance, its molecules move more rapidly. This 
movement takes place in solids as well as in liquids and in gases. 
The molecules of solids occupy certain positions but they are not 
motionless. If the molecules of a solid did not move, the solid could 
not conduct heat or electricity. Each molecule moves constantly or 
vibrates within its fixed position. The energy of motion of the mole- 
cules in a substance increases as the substance gets hotter. There- 
fore, the amount of heat supplied to a substance affects the total 
energy of motion of the molecules in that substance. 


Heat and equilibrium temperatures 

What happens when two substances, each at a different tempera- 
ture, reach an equilibrium temperature? The energy of motion of 
the molecules of the hotter substance is greater than that of the 
molecules of the cooler substance. But scientists have found that - 








ON YOUR OWN 


Crystals — 


You can grow crystals with many 

_ different shapes using materials which 
can be obtained from a grocery store 
and a pharmacy: © 


8water glasses -—~ Food coloring 


1 hand lens Kosher salt 
825-cm (0in)  ... Sugar 
3S lengths of string = Alum 
8 weights (2 Borax 


 Boilingwater =—=—«&Epsom salts 


Copper sulfate : 


Procedure: Fill a glass half full of boiling 
water. Add kosher salt to the boiling 
water and stir until no more salt will 

dissolve in the water. Now pour the salt 


the end of a piece of string and put it in 
the glass of salt water so that the other 
end of the string hangs over the edge of 
the glass. Let the salt water cool slowly. 
Note the shape of the crystals that form 


-on the string as the salt water cools. 


Repeat this procedure for each of the 
substances listed above that you were 
able to get. You can see the salt and 
sugar crystals more clearly if you add 
3 or 4 drops of food coloring to the 
water in which you grow them. 


Examine all the crystals you have grown 
under a hand lens. Notice how they 
differ. 


ae water into a warm glass. Tie a weight to 


when a hot substance comes in contact with a cool substance, the 
molecules of the hot substance begin to move more slowly. That is, 
the energy of motion of its molecules decreases. 

Energy cannot disappear. The energy of motion lost by the mole- 
cules of the hot substance must be accounted for. This energy is 
transferred to the cool substance as heat. There it increases the 
energy of motion of the molecules of the cool substance. The mole- 
cules of the cool substance begin to move more rapidly. 

This transfer of energy continues until the molecules of both 
substances have the same energy of motion. There will be no 
further transfer of energy between them. They can be said to have 
reached a state of equilibrium. The energy in transfer between the 
two objects at different temperatures is heat. 


Temperature 

When a substance is cool, its molecules have little energy of motion, 
and its temperature is low. When heat is supplied to the sub- 
stance, the energy of motion of its molecules increases. Its temper- 
ature rises. Thus temperature may be understood as a measurement 
of the change in the energy of motion of a substance’s molecules. 
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WATER... 
Water... 
water... 





394 


A thought and discussion question 


“Water, water everywhere; nor any drop to drink,” said the famous 
poet, Samuel Coleridge, who wrote “The Rime of the Ancient 
Mariner.”” Millions of persons throughout the world share this 
problem. They may live on islands in the middle of great seas or 
on land bordering those seas. But, they cannot drink sea water. 

Piping enough fresh water into southern California was easy 
when Los Angeles and San Diego were small towns. But now they 
are part of a large, heavily populated metropolitan area. Their 
water supply has not increased. And the amount of fresh water in 
the mountain areas nearby is limited. 

Other places have similar problems. Northern Mexico has a 
serious water shortage. A large part of the Middle East is a desert. 
And the many people who have moved to islands in the Caribbean 
and Mediterranean seas need sources of fresh water. 

The most obvious place to look for fresh water is the sea. Sea 
water is not drinkable, but it is water. And the salts that make sea 
water unfit to drink can be removed. 

Many of the methods we use to separate.sea water from the salts 
depend on change of state. When water boils and becomes water 
vapor, it leaves behind the salts dissolved in it. The same thing 
happens when water freezes and becomes ice. Steam and ice are 
fresh water and both can return to the liquid state. 

The sun provides energy for the oldest method of desalting sea 
water. In solar distillation, water is evaporated and then con- 
densed. This method requires nothing more than a large area to 
hold the water and lots of sunshine to heat the water. But it yields 
only 4 kilograms of fresh water from each square meter of basin 
area per day. And, it only works when the sun shines. So more 
efficient methods of desalting sea water have been developed using 
sources of power other than the sun. 

In some of the newer methods, the sea water is also heated to 
form water vapor and then condensed to produce fresh water. Many 
of the plants using these processes produce over 1 million gallons of 
fresh water per day. But they have serious problems that the solar 
distillation process does not have. Processes that depend on 
evaporation of sea water need a great deal of energy to heat the 
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water. They also require energy to send the heated sea water 
through the plant and to remove the fresh water. 

The salts in the sea water deposit a hard coating or scale that 
stops up the water pipes and reduces the capacity of the evapora- 
tors. And the hot sea water corrodes (chemically wears away) the 
metals in the pipes and evaporators. So the evaporators and pipes 
must be made of special corrosion-resistant metals. And chemicals 
must be added to the sea water to slow down scale formation. The 
cost of desalting sea water by these processes is high. 

Another process works by freezing sea water to get fresh water. 
It requires less energy than any of the evaporation processes except 
for solar distillation. And at lower temperatures less corrosion and 
less scale formation take place. But the process also produces less 
fresh water. It can be considered more costly because it requires 
more or bigger facilities. 

The cost of desalting sea water depends on the volume of water 
desalted by a plant. At present, it costs about one dollar per thou- 
sand gallons of fresh water distilled from sea water compared to 
thirty cents per thousand gallons for water from fresh-water 
sources. But as larger desalting plants are built, the price will fall. 
And new dual-purpose plants will reduce the cost even further. 
Dual-purpose plants are desalination plants that operate with 
nuclear or coal power plants. Water becomes hot as it cools the 
power plant. This hot water then heats the sea water for the de- 
salting process. This procedure may reduce the cost of desalting 
sea water to between thirty-five and fifty cents per thousand gallons. 
But none of these cost figures include the cost of moving the fresh 
water to the place where it will be used. The user will have to pay 
much more for this water than the cost of producing it. 

The cost of desalting sea water is high. But we must have fresh 
water. Is desalination a financially sensible way to provide water 
for a growing world population? Can we desalt enough sea water to 
make the desert into farmland and increase world food production? 
Will we be able to afford the price of food grown on land irrigated 
with desalted sea water? Could desalination methods purify pol- 
luted fresh water? Or must we find a much less expensive way? 
Think about it. 


If you would like to read more 
about this subject, look up the 
following topics in The Readers’ 
Guide to Periodical Literature, in 
your library card catalog, orinan 
encyclopedia: 


Brackish water 
Desalination 

Desalting water 

Fresh water, production of 
Saline water conversion 
Water, purification of 
Water, quality of 


395 























Unit 5: Chemistry 





ewspaper headlines read, 
“Great Lakes Fish Not Edible Because of Mercury,” 
“Automobiles Banned from Downtown Tokyo,” “Nitrogen 
Oxides Drop 80 Percent,” “Electric Company Agrees to Use 
Low-Sulfur Fuels.” Stories that describe the fight against 
pollution mention phosphates killing lakes, pesticides killing 
birds, phenol making water unsafe, and lead fuels poisoning 
the air. 


What are these things that seem to cause so much damage? 
You have seen mercury inside a thermometer. It looks the 
same color as silver. And it is a liquid as is water. Did you 
know that mercury is extremely poisonous when left in the 
air? What do you know about nitrogen oxide, sulfur, phos- 
phates, phenol, and lead fuels? Would you say they are 
alike, almost alike, or completely different? 


There are many different things besides these on earth. 
Some are simple materials and others are very complex. In 
this unit you will take a closer look at ways in which some 
of these interact. 
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This 1558 engraving by Pieter Breughel shows an - 
amateur alchemist at work. He is seeding a mixture 
with his last gold coin in hopes that the mixture 
will turn to gold. If he fails, there’s always the poor- 
house that can be seen through the open window. 
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Chapter 16: Variety Is the 


Spice of Life 





The world is like a huge 
variety store. It is stocked 
with what seems like an 
endless supply of different 
things. When you are out-of- 
doors, look around you. 


The clouds aren’t made of 
the same substances as the 
grass, or the sidewalk, or the 
street. The houses are all 
different, too. Some are 
made of wood. Others that 





look like wood may be 
covered with aluminum sid- 
ing. Still others may be 
brick, or adobe, or concrete, 
or steel and glass. 


All these things are made up 
of various substances. A 
substance is a pure mater- 
ial. Each molecule of a 
substance has the same 
definite composition. 


Different substances have 
different properties. One 
substance melts and boils at 
temperatures different from 
other substances. It conducts 
electricity differently. And 

it doesn’t have the same 
mass for a given volume as 
other substances. 


There are also other ways by 
which you can tell one 
substance from another. 
Knowing about such things 
comes in handy in activities 
as different as cooking, 
taking care of a car, distill- 
ing petroleum, and making 
chewing gum. 


A set of properties 


You usually decide whether 
substances are alike or differ- 
ent by the way they look. A 
red stone looks different from 
a clear one. A milky one looks 
different from both. But are all 
the clear stones in the pictures 
made of the same substance? 
What about all the red stones? 
Color, transparency, and tex- 
ture may help you decide 
whether things are different. 
But you cannot always use 
appearance to tell whether 
things are made of the same 
substance. 


There is a special test that can 
be used to tell whether all the 
clear stones or all the red 
stones are alike. This test 
involves the use of precision 
tools to measure the way each 
stone bends light. 


If each clear stone with the 
same shape bends light differ- 
ently, it can be assumed to be 
made of a different substance. 
However, two stones that 
bend light the same may not 
be made of the same sub- 
stance. So this property and 
appearance are not enough 
information to tell whether 
two things are made of the 
same substance. 
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You could test to see how well 
they conduct electricity. Some 
substances are better con- 
ductors of electricity than 
others. And still other sub- 
stances conduct so little 
electricity that they are called 
nonconductors. 


If the electrical resistance of a 
substance is low, it conducts 
well. Gold is a very good con- 
ductor of electricity. So are 
silver and copper. Iron is a 
good conductor, but it has a 
higher resistance than gold, 
silver, and copper. Lead is also 
a conductor, but it has an even 
higher resistance than iron. 


You might be able to tell 

these substances apart by 
placing them in a series circuit 
with a light bulb and two 
flashlight batteries. (This 
setup is a simple conductivity 
tester.) But in figure 16-2 a 
voltmeter and an ammeter are 


16:2 Electrical resistance is measured 
in units called ohms. To get the resist- 
ance in ohms for each of these wires, 
divide the voltmeter reading by the 
ammeter reading. All the wires look 

the same, but do they all have the same 
electrical resistance? 
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in a circuit with each of three 
pieces of wire. Now can you 
tell whether the pieces of wire 
are made of the same 
substance? 


Another way to tell whether 
substances are alike or differ- 
ent involves their masses. 
Comparing the masses of two 
objects can be rather tricky. 
For example, a large helium- 
filled weather balloon could 
have much less mass than a 
rock half its size. The weather 
balloon could also have less 
mass than a small toy balloon, 
if the toy were filled with 





—_ 
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water instead of helium. Unless 
two substances are exactly the 
same size, you cannot use 
their masses to tell the differ- 
ence between them. 


Table 1. Density of Some Common Materials 


Solids Grams per cc 
Aluminum 
Copper Ua 319 apm eA «| 
Gold 
ice Le eee 
lodine 
Iron 
Lead 
Magnesium 
Nickel ks Omer 
Platinum 
Silver 
Sugar 
Wood, balsa 
birch 
ebony 
maple 
oak 
walnut 


Liquids Grams per cc 
Alcohol 0.8 
Gasoline 0.7 
Kerosene 0.8 


Mercury cS 
Olive oil 
Water 


—|O 
oO;o 


Both blocks in figure 16:3 are 
the same size. Each of the 
blocks is 1 centimeter long in 
each direction. So each block 
has avolume of 1 cubic centi- 
meter (cc). And you are 
comparing the mass per unit 
volume, or density, of the 
blocks. 


The density of solids and 
liquids is usually measured in 
grams per cc. A 1-cc block of 
gold has a mass of 19.3 grams 
and a density of 19.3 grams 
per cc. A 2-cc block of silver 
has a mass of 21 grams and a 
density of 10.5 grams per cc. 


Table 1 lists the accepted 
values for the densities of 
some common materials. You 
can tell whether two sub- 
stances may or may not be the 
same by determining the 
density of each. 
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There are many more prop- 
erties that you can use to tell 
the difference between sub- 
stances. Each substance always 
has its own characteristic 
melting point and boiling 
point. Different substances do 
not have the same heat of 
fusion, heat of vaporization, or 
specific heat. And the quantity 
of a substance that will dissolve 
in, or form a solution with, 
water is also a property of that 
particular substance. 


All of the properties dis- 
cussed in this section are 
called physical properties. A 
pure substance always has the 
same physical properties, no 
matter where you find it. For 
instance, pure aluminum is a 
silver white, shiny, opaque, 
electrically conducting solid. It 
always melts at 659.7°C with a 
heat of fusion of 76.8 calories 
per gram. Aluminum always 
has a specific heat of 0.22 
calorie per gram, a density of 
2.7 grams per cc, and will not 
dissolve in water. 
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Two white powders—alike or 
different? 


Suppose one of your class- 
mates has two jars, each half- 
full of a white crystalline 
substance. And suppose you 
are asked to tell if both jars are 
filled with the same substance. 
The only hint you are given 

is that the stuff in the jars can 
be bought at the grocery store. 
The properties you have been 
studying will help you find 
out if both jars contain the 
same substance. 


16:4 The two powders under a magnifying lens. 


You might want to taste the 
substances. DON’T! Grocery 
stores sell sugar, salt, and bak- 
ing powder that are harmless. 
But they may also sell ant 
killers and floor-cleaning 
materials that are poisonous. 
Never taste an unknown 
chemical! 


Try something simpler—or at 
least less dangerous. Look 
closely at the two powders, 
perhaps with a magnifying 
lens if one is around (figure 





16-4). Do they really look 
alike? They are both white and 
seem to have the same shape 
particles. Do you have 

enough information to decide 
whether both jars contain the 
same substance? 


If not, look at figure 16-5 to 
see what happens when you 
put a teaspoonful of each 
substance into water. Do they 
both dissolve? Are both sub- 
stances still alike? Do you 
have enough information now? 


16-5 The two powders dissolved in water. 
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Perhaps you would like to 
determine the density of both 
substances to confirm your 
decision. But it is difficult to 
get two piles of powder of 
exactly the same volume. There 
are always spaces between the 
grains of powder. It is easier 
to compare two liquids or 
identical blocks of two solids. 
So perhaps you should skip 
measuring densities this time. 


You have examined the color, 
shape, and solubility of the 


16-6 The lighted bulb, on the left, indicates that the solution 
conducts electricity. 
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two powders. Are you ready 
to say that your classmate 
filled both jars with the same 
substance? 


Just to be sure, you should try 
another comparison. Test 
whether the water solutions of 
the powders conduct electric- 
ity. Look at figure 16-6. What 
is your conclusion now? It 
would be a good idea to check 
further to confirm your 
findings. 


You can check the melting 
points of the two substances. 
Each spoon in figure 16-7 con- 
tains a small amount of one of 
the substances. With good 
equipment you could measure 
the exact temperature at which 
each melts. But the demonstra- 
tion in figure 16°7 will be 
sufficient for now. 


Look at the picture. Does it 
support the decision you made 
after looking at figure 16-6? 





16-7 Besides melting, the contents of the spoon on the 


right has changed color. 





16:8 Sulfur is an example of a substance which can occur 
in several forms. Sulfur occurs in three forms. Two of these 





are crystalline. The third is noncrystalline. Both crystalline 


You now have five bits of 
evidence. Three show the 
powders are alike. Two suggest 
that they are different. Are 
you ready to decide now, or 
do you want to experiment 
further? 


It is much easier to decide that 
two things are different than 
to decide they are alike. One 
measurement, accurately done, 
that gives two different results 
for two different substances, 
shows that they are different. 
But you have seen three mea- 
surements which suggest the 
substances are alike can al- 
ways be followed by a fourth 
measurement that shows a 
difference. Or perhaps you will 
not find the difference until 
the fifth measurement, or 

the sixth. 


The experienced scientist must 
be able to decide when to stop 
trying for a proven difference 
and to accept the decision: 
alike. He or she will usually 
determine the melting and 
boiling points of the sub- 
stances immediately after 
having determined that there 
are no visual differences. 


The experienced scientist can 
rely on previous experience 
and the knowledge he or she 
has gained through many 
years of training. But some- 
times one substance can occur 
in several forms (figure 16-8). 
Thus the scientist can be 
misled and stop testing too 
early. 








cas 


forms are shown here. Note: Neither of the unknown powders 
in figures 16-4 through 16-7 is sulfur. 


LEST VOURSELE 


1. What is a substance? 


2. Name three things you can do 
to find out if two substances 
that look alike are alike or 
different. 


3. Make a list of the physical 
properties that exist for 
any substance. 


4. What should you NEVER do 
when trying to identify an 
unknown chemical? 


5. Why ts it difficult to compare 
the densities of two powders? 
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Identifying the white powders 


The procedure you followed 

in the last section can be used 
to identify the white crystal- 
line powders. The tests you 
made determined that they are 
not the same substance. But 
you need still more informa- 
tion before you can name the 
powders. 


You might look around your 
grocery store sometime to see 
how many white powders 
they sell. Your powders could 
be any two of them. Of course, 
many white powders are 


found other places than on 
supermarket shelves. Some are 
used as insecticides and 
fertilizers. Some are used by 
doctors and dentists as medi- 
cines. Other white powders 
are used by the highway 
department to melt ice on 
roads. And still others are 
used by industry for manu- 
facturing. 


If you were a laboratory 
scientist trying to identify an 
unknown white powder, it 


could be any one of thousands. 


But your problem is simpler. 
You know your powders came 
from the grocery store. 


You might have a strong 
hunch that one of your 
powders is sugar. Don’t taste! 
It could be a soap product— 
or it could be poison. Instead, 
think of what you know about 
sugar. It is a white, crystalline 
powder that dissolves in water. 
To compare your sample with 
sugar, you need to know more 
(figure 16-9). Does the solution 





16-9a Unknown powder under magnifying lens. 
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16:96 Unknown powder dissolved in water. 








16-9c Solution of unknown powder conducting electricity. 16-9d Unknown powder being heated for the same period 
of time as the substances in figure 16-7 


of your unknown in water 
conduct electricity? What 
happens when you heat it in a 
spoon? Does it look like sugar 
under a magnifying lens? 
(The right-hand substance in 
figures 16-4- 16-7 is sugar.) 
What happens when you add 
sugar to alcohol? Does the 
same thing happen when you 
add your unknown to alcohol? 


You could keep testing the 
known sample of sugar against 








your unknown. If your hunch a oo 

is right, you are in luck. Every — mae 

test will have the same result ¢ 

for the known sample of sugar x Ri 

and for the unknown white Om > 

powder. a _ 

But what if your hunch is 

wrong? You could guess again 1 

and compare the unknown 16-9e On the left, the unknown powder not dissolving noticeably in alcohol. On the 
powder. with salt; then with right, the same amount of sugar also not dissolving noticeably in alcohol. Remem- 
baking powder; then with ber, though, that if at least one test indicates that two substances are different, the 


substances probably are different. 
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16:10 Chemists use many tables of properties such as 
this when they are trying to identify an unknown substance. 
Before using such tables, chemists, and you too, have to 
use your own observations. In figures 16-4 through Gi 
pages 405-407, the substance on the right Is sugar, the 
one on the left is salt (sodium chloride). Are the results 
with the unknown powder in figures 16-9a through 169d 
the same as for the sugar or the salt? As another check that 
you are right—that the powder is salt—look at the table 











Crystalline | Index of 
Substance form . | refraction | Density 
SODIUM 
azide colorless 
hexagonal 
tetraborate 
bromide colorless 
cubic 
carbide white 
powder 
carbonate | white 
powder 
chlorate colorless 
cubic or 
trigonal 
chloride colorless 


cubic 


baking soda; and so on until 
you have tried every white 
powder in the store. That 
could take you a long time. 









unknown substances. Chem- 
ists, scientists who study 
substances and how sub- 
stances are changed, have 


below. Skip past the other substances which contain sodium 
and go to the bottom line to chloride.” This line gives some 
properties of sodium chloride. The crystals of the unknown 
powder are colorless. And they look cubic. We did not check 
the index of refraction, density, or exact melting or boiling 
points with our simple tests. But we did see that the powder 
dissolved in water. It did not dissolve noticeably in alcohol. 
(By the way, if you have decided that the unknown powder Is 
salt, you are right.) 





Solubility, in grams per 


Melting _ Boiling y, i 
point point 100 milliliters of — 
GC °C Hot water | Cold water | Alcohol 








decomposes 0.314 
decomposes ‘ 8. 3-4 0 
aL 1575 
1390 slight 
700 decomp. 
decomposes slight — 
decomposes slight 
slight 


Figure 16-10 contains informa- 
tion from one of these tables. 
Some of the more important 
properties of table salt, called 


There has to be a better way 
to identify the unknown white 
powder. 


Fortunately, scientists have 
already put together a tool 
which you can use to identify 
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sodium chloride by chemists, 
are included. 


identified the important prop- 
erties of many substances. And 
they have put together tables 
containing lists of substances 
and their properties. 


AAS op Eo Aa yates Sei 











TEST eVOURKSELE 


ie 


ee 


List five physical properties 
of water. 


Describe the steps you would 
use to prove that the liquid 
in a bottle of rubbing alcohol 
was not water. 


Use figure 16-10 to find the 
melting point, boiling point, 
and the density of sodium 
bromide. 


In what units do you meas- 
ure density? 


What is the index of refrac- 
tion of sodium chloride (fig- 
ure 16-10)? 


What is the density of sugar 
(Table 1)? 

















Pure substances and 
mixtures of substances 


Your classmate could have 
played a trick on you when 
she gave you the two jars of 
white powder. Instead of giv- 
ing you two pure substances, 
she could have given you one 
pure substance and one mix- 
ture of substances. In fact, she 
could have given you one jar 
filled with salt and the other 
filled with a mixture of sugar 
and salt. At what point could 
you have decided that the two 
powders were not exactly 16-11a The mixture (salt and sugar), on the left, and the pure substance (salt), on 
alike? Figure 16-11 shows what the right, look almost the same under a magnifying lens. 

happens when you test two 

such powders. 





Are the shape and color of the 
powders different? Do both 
powders easily dissolve in 
water? Do the water solutions 
(1 teaspoonful of powder in 1 
glass of water) of both 
powders conduct electricity? 
You might accurately measure 
the electrical resistance of the 
solutions to try to find a 
difference. 








ae 


16-11b Both samples dissolve in water. 
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Weal pnts orteaiaon nse eee 


16:11c Both also conduct electricity. 


406. 


16-11d One ofthe samples melts and changes color, but so did pure sugar on page 


The plain salt solution is a 
better conductor than the solu- 
tion containing an equal mass 
of the salt-sugar mixture. But 
your simple conductivity tester 
is barely sensitive enough to 
detect the difference. Even the 
test in which you heat a tea- 
spoon containing each powder 
over a flame may not be 
decisive. The salt-sugar mix- 
ture can contain so much sugar 
that you cannot see the salt. 

Is that the case in figure 16-11? 
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16:12a Sugarison the left. A sugar-and-salt mixture is on the right. 





16:12b The two samples dissolved in water. 


414 





If the pure substance had 
been sugar instead of salt, you 
would have gotten the results 
shown in figure 16°12. Is there 
a difference in shape or color 
of the particles? The solubility? 
The ability of the solutions to 
conduct electricity? Think 
about what happened in 
figure 16-6. Only one of the 
solutions conducted electricity. 
Can you remember which one? 


You could not tell by looking 
at the white powders whether 
they were pure substances or 
mixtures of substances. But 
sometimes it is easy to tell 
when you have a mixture of 
substances. There is no prob- 
lem with a combination of salt 
and pepper or a mixture of 
water and oil (figure 16-13). 


But would you be willing to 
say whether oil itself is pure 
or a mixture? What about 
water? gasoline? vinegar? air? 
If these materials are pure, 
each of them will have its own 
specific set of physical 
properties. 

Chemists refer to pure ma- 


terials when they speak of 
substances. For instance, a 


substance always melts com- 
pletely at the same tempera- 
ture. But mixtures usually melt 
over a range of temperatures. 


A substance always boils at 
the same temperature, pro- 
vided the pressure is not 
changed. But a mixture of 
liquids usually boils across a 
range of temperatures. 


The fact is, there are not many 
pure materials around you. 
Nearly everything in nature is 
a mixture and its component 
substances must be separated 
from each other before they 
can be identified. 


16:12c The mixture conducts electricity slightly. 16:12d One sample melts and changes color more than 
does the other one. 





16:13 Thegrains of salt and pepper remain separate even when they are stirred 
together. And oil does not dissolve in water. It floats on top of water. 
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Taking apart mixtures 


Since most of the materials 
found in nature are not pure, 
separating substances from 
each other is an important part 
of chemistry. Chemistry is the 
science that deals with the 
composition of substances, 
their properties, and how they 
are made or changed. _ 


Chemists have developed a 
number of ways to separate 
the substances in a mixture. 
They do this to identify un- 
known substances or to remove 
useful substances from the 


mixtures in which they may 
occur. If you tried to separate 
vinegar-and-oil salad dressing . 
into its component parts you 
would use many of those 
methods. 


Look at a bottle of vinegar- 
and-oil salad dressing. You 
can tell there are at least three 
components: two layers of 
liquid and some solids floating 
around in them. 


Your first step might be to 
separate the solids from the 
liquids. For this you could use 


16:15 Fractional distillation. The 
lower-boiling substance vaporizes. 
The vapor rises in the flask and enters 
the condenser. Cold water running 
through the outer part of the condenser 
cools the vapor so it will condense and 
run into the flask. 


a piece of filter paper, a 
specially prepared paper that 
allows liquids to run through 
‘its pores while it catches the 
solids. In fact, you could 
separate out the solids by 
pouring all of the dressing 
through any kind of strainer 
that will hold solids back. Do 
you think the solid material 
is only one substance? What 
about the liquid that is left? 


- To separate the two layers of 
liquid you can simply pour 
them very carefully. The less 
dense top layer will pour off, 
leaving the denser bottom 
layer behind. Can you tell 
which layer is oil and which is 
vinegar? 


Both liquids look pure enough, 
but in fact they are still mix- 
tures. Each of the liquids has 
molecules of two or more 
substances dispersed through- 
out it. Special mixtures of this 
type are called solutions. 


Vinegar is a solution that 
consists of a flavoring agent 
called acetic acid dissolved in 
water. The vinegar probably 
also contains some salt that 
was used to flavor the salad 
dressing. The oil is also a 
solution of several substances. 

















7} being 
distilled 


water leaving condenser 


cold water 
entering 
condenser 





vapor condensed into liquid 





The different substances in 
both the vinegar and the oil 
can be separated out. The 
vinegar can be separated by a 
process that relies on change 
of state. The process used to 
separate the substances in the 
oil also uses change of state. 
But it is much more complex 
and requires special equip- 
ment. So let’s consider only 
the vinegar. 


The first step in separating 
the substances in vinegar in- 
volves removing the water. 
The boiling point of water is 
lower than that of acetic acid 
or salt. So when the vinegar is 
heated, the water is the first 
substance to change to the 
vapor state. 


After all the water has boiled 
away, the acetic acid and any 
substances dissolved in it are 


left. Then the acetic acid 
begins to boil. If the acetic 
acid vapor touches a cool 
surface, it condenses (returns 

to the liquid state). In this way 
it can be drawn off as a pure 
substance. All that remains is 
any solid material, probably 
table salt, that was dissolved 
in the dressing. 


The process of boiling away 
one part of a mixture at a time, 
first the one with the lowest 
boiling point, then the one 
with the next higher boiling 
point, and so forth, is called 
fractional distillation. 


Distillation is useful because 
each liquid in a solution 
vaporizes at its own boiling | 
point and can thus be separ- 
ated from the other substances 
in the solution. 
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You may have used one other 


process of separating the 
components of a mixture 
(Heat Unit, Chapter 15). In- 
stead of boiling away the 
liquid, you can simply let it 
evaporate. Any solid that was 
dissolved in it will fall out of 
solution and remain behind. 


This procedure, called 
crystallization, gives very pure 
solids and, if done carefully, 
very pretty ones. 


TESTO Cio Ei 


Ds 


How does the melting point 
of a pure substance differ 
from that of a mixture? 


Name three ways of 
separating the substances in a 
mixture. 


Which separation method 
would you use if the mixture 
were a solution of sugar in 
water? 





ON YOUR OWN 


_ Separating a mixture 

Try to separate the parts of 

a jar of oil-and-vinegar salad _ 
dressing. Use your text as a__ 

_ guide. How many different 

solids did you find? How 

__ many liquids did you find? 


16:16 Salt crystals on a watchglass. 





Gasoline 
and 
Peppermint 





TOR | 
16:17 The gushing oil well 
has become a rare sight. We now have 
means to prevent oil wells from erupting 
in this way. 





Distillation in industry 


Millions of barrels of petroleum 
The petroleum industry distills large volumes of petroleum to make 
thousands of products, including printing inks, drugs, plastics, 
synthetic fibers, and gasoline. 

Petroleum is a mixture of many different substances containing 
hydrogen and carbon (hydrocarbons). These hydrocarbons have 
boiling points that are very close together. Therefore special distil- 
lation equipment is needed by the petroleum industry. The most 
important part of this equipment is the fractionating column. It 
separates the hydrocarbons into groups or fractions according to 
boiling point. This separation is the first step in petroleum refining. 

If you have ever driven past an oil refinery, you have probably 
seen fractionating columns. They are huge metal towers which often 
stand 30.5 meters (100 feet) high and are 6 meters (20 feet) wide. 
Outside, each tower is connected to a bewildering network of pipes. 
Inside, each tower has a series of metal plates arranged like the 
floors of a building. These plates contain tiny holes so that vapors 
can pass through. 

Crude petroleum, a dark, sticky, foul-smelling liquid, is heated 
to about 315°C (600°F) in a furnace at the base of the tower. At this 
temperature most hydrocarbons vaporize. Vapors tend to rise. 
Sometimes the column itself is heated to help the vapors rise. 

As the vapors rise through holes in the plates, some condense in 
each plate, forming pools several centimeters deep. You might 
think that the liquid would drop through the holes. But this is 
prevented by pressure from the rising vapors. The vapors that do 
not condense continue upward. 

As vapor arrives at a plate, it bubbles upward through the liquid 
on the plate. An exchange takes place between the bubbles of vapor 
and the liquid. Some higher-boiling substances in the vapor 
condense and some lower-boiling substances in the liquid vaporize. 
This exchange is why a fractionating tower works so well. 

The vapors of substances with low boiling points may reach the 
top plates of the tower before condensing. Vapors of substances 
boiling in a medium range travel only halfway up. Vapors of the 
highest-boiling substances condense on the bottom plates. 
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ENLARGED VIEW OF SECTION 


IN CENTER OF FRACTIONATING TOWER 16-18b 


The fractions of liquid hydrocarbons that have collected on the 
plates are removed by pipes leading from the side of the tower. The 
vapors which do not condense come off at the top. These include 
propane and butane gases, used in bottled-gas fuels, and ethylene 
and propylene gases, used to make plastics and other chemicals. 

The lowest-boiling liquids which condense on the upper plates 
are treated further to make gasolines. Substances that condense 
just below the upper plates are used for dry-cleaning solvents and 
paint thinners. Fractions which condense on the plates below these 
are used for kerosene and diesel fuel burned by jet planes and 
buses. And the liquids which condense on the bottom plates in- 
clude hydrocarbons used for fuel in home oil burners and diesel 
fuel for trucks. 

Material remaining in the bottom of the fractionating column is 
distilled again under reduced pressure. This process lowers its boil- 
ing point. A liquid boils only when it becomes hot enough to form 
vapor by overcoming the pressure of the atmosphere against its 
surface. When atmospheric pressure is reduced, less heat is needed 
to boil a liquid. This low-pressure distillation separates the hydro- 
carbons used for lubricating oils. The portion of the petroleum 
which does not boil is treated to obtain asphalt used for floor tiles, 


roofing, and paving roads. 





Using steam to distill peppermint oil 

Another way to distill a substance at a temperature below its boil- 
ing point is to pass steam through it. This works because the steam 
mixes with the vapors of the substance. The pressure of the steam- 
vapor mixture overcomes the pressure of the atmosphere at a lower 
temperature than would the vapor pressure of the substance alone. 
In this way vapors of the substance being distilled escape at a 
lower temperature. 

Steam is used in distilling peppermint flavoring for items such 
as chewing gum, candy, and toothpaste. The boiling range of the 
liquid mixture that makes up peppermint oil is 150°C to 300°C 
(300°F to 570°F). Such temperatures can cause changes in the oil 
that ruin its flavor. By using steam, the oil can be distilled at tem- 
peratures below 100°C. 

In the United States, peppermint oil comes from a plant grown 
mostly in Washington and Oregon. The oil is distilled in the fields. 
First the plants are cut and allowed to dry for several days. Then 
they are chopped to help release oils from the leaves. Next they are 
put into large steel containers mounted on trucks. The trucks are 
driven to a nearby field and connected to a steam source and con- 
denser which are set up under a shed (figure 16°19). 

As steam is passed through the cut-up peppermint leaves, heat 
causes the oil to vaporize. Then the mixture of steam and oil vapors 
travels to the condenser where both become liquid again. Because 
the oil is lighter than water and is not soluble, it rises to the top and 
forms a separate layer which can be drawn off. Peppermint leaves 
yield about 1 percent of their weight as oil, depending on how dry 
they are. 

Peppermint oil is a mixture of many different substances. Usually 
they are not separated because each contributes something to the 
pleasant taste. 


16-19 
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From Aspirin 
To Fake Gems 


422 


Crystallization in industry 


Thousands of tiny crystals 

Crystallization is often used to purify products such as table salt, 
sugar, and aspirin. For example, aspirin is formed by a chemical 
reaction that takes place in a hot solution. When the reaction is 
complete, both aspirin and impurities are in the solution. The 
aspirin is less soluble than the impurities. So fine white crystals of 
aspirin form first when the solution is cooled. But the impurities, 
which are more soluble, remain dissolved in the solution. The pure 
aspirin crystals are removed from the solution by filtering. Then 
they are washed and dried. 

Crystallization is also important to the production of other useful 
things. One such thing is glass cookware that can be taken from the 
freezer and placed in the oven (figure 16-21). This type of glass, 
called ceramic glass, has almost the same ingredients as brittle 
window glass. The difference is that almost 80 percent of the cook- 
ware is made up of crystals. Ordinary glass is not. 

Manufacturers of cookware glass help it crystallize. In window- 
glass making the situation is exactly opposite. Glassmakers do not 
want transparent glass to crystallize. If it does, the glass will be- 
come cloudy. If only one or two tiny crystals form, the rest of the 
glass crystallizes rather quickly. Luckily, however, those first few 
glass crystals do not form readily without help. 

To make a strong, heat-resistant glass such as that used in ceramic 
glass cookware, glassmakers must add a substance called a nucle- 
ating agent to the glass. This substance acts as a starting point for 
glass crystals to grow on, much as a grain of sand acts as the start- 
ing point of a pearl in an oyster. In one ceramic glass called Py- 
roceram, the nucleating agent is titanium oxide. 

The titanium oxide nucleating agent is added to the other sub- 
stances used to make glass. This mixture is heated to about 1600°C 
(2900°F). At this temperature the nucleating agent dissolves in the 
molten glass. The molten glass is then cast into the desired form 
(such as a dish) and cooled to about 800°C (1500°F). The mixture is 
no longer molten at this point, and the glass is frozen in its usual 
noncrystalline form. But the titanium oxide begins to crystallize, 
forming fine nucleating particles. 


3 








After about an hour at 800°C, the temperature of the glass is 
raised to the point where glass softens. But now, with the very 
fine titanium oxide particles suspended through it, the glass begins 
slowly to crystallize. This temperature is held for about four hours 


so that as much of the glass as possible will crystallize. 


Large single crystals 
Under proper conditions, a pure liquid can be made to form large 
single crystals rather than thousands of tiny crystals. Some of the 
large single crystals are valued for their beauty. These include 
precious gems used in jewelry. Others are valued for their durabil- 
ity and are used for phonograph needles and bearings in watches 
and other instruments. 

Single crystals of both rubies and sapphires are made of alumina, 
a mineral made of aluminum and oxygen. Pure crystals of alumina 
are colorless. But small amounts of impurities produce the typical 
gem colors. For example, a trace of chromium oxide in the alumina 
makes blood-red rubies, and a trace of titanium oxide and iron 
oxide in the alumina makes deep-blue sapphires. Other mineral 
impurities are used to make yellow, purple, and pale-blue stones. 

The process used today for making these crystals was developed 
by a French chemist, Victor Verneuil (ver’noi’), in 1902. In the 
Verneuil process, alumina powder mixed with the desired impurity 
is placed in a container with a screen mesh bottom. The powder is 


16:21 Ceramic glass cookware can 


withstand this kind of treatment. 
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16-22 
slowly sifted into a hot flame by tapping the container with a small 
hammer. The flame, produced by a hydrogen-oxygen burner, gives 
a temperature of over 2000°C (3700°F). The powder melts as it falls 
through the flame and flows in droplets onto a heat-resistant 
ceramic base. 

A tiny crystal of aluminum oxide on this base acts as a seed to 
start the crystal. As the molten alumina cools, it freezes in layers on 
the seed crystal. Soon the crystal begins to grow upward and the 
ceramic base is lowered to give it room (figure 16°22). At first, the 
crystal is kept about as thin as a match stick. But when it is about 
6 millimeters long, powder is added more rapidly and the flame is 
regulated to make the crystal wider. The rough gem now looks like 
a mushroom, with a wide cap on a thin stem. 

Growth is continued at the faster rate, forming a single cylindrical 
crystal, called a boule (bil), from the French word for ball—the 
shape of Verneuil’s first gems. After the boule is complete, it is 
removed from the base and shaped by cutting or grinding. 

Synthetic gemstones are chemically identical to natural ones. 
They are just as beautiful and just as hard. They differ from natural 
gems in minor aspects of structure which are visible only under a 





microscope. 


ON YOUR OWN 





Rock candy 


Cause a physical change. Make a batch of rock candy 
with these materials: 


1 water glass 


1 small pan 

1 pencil or stick 
1 spoon 
Granulated sugar 
String 

Water 


Boil about a cup of water in the pan. While it is 
heating, put a cup of sugar into the water glass. 


Stir as you slowly pour the boiling water into the 
sugar. Be careful not to add any more water than is 
needed to dissolve all of the sugar. 


Tie a knot at the bottom of a piece of string. Suspend 
the string in the glass as shown. Let the liquid stand 
for several days. 


As the water evaporates, sugar crystals will form and 
climb up the string. These crystals are rock candy. 
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Chapter 17: Changing Substances 
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Peanut brittle is nothing but 
sugar with peanuts in it. Or 
is it? 

Something happens to the 
sugar when you heat it to 
make the peanut brittle. It 
becomes a light brown syrup 
to which you add the pea- 
nuts. Then it hardens into a 
shiny, brown, hard candy. 
And it doesn’t taste the 
same. 


When you melt the sugar 
you make it into a mixture of 
sugar and some new sub- 
stances that formed from 
heating the sugar. If you 
keep heating the melted 





sugar, you can change all of 
it into new substances. And 
if you heat those long 
enough, only a black mass 
will be left. This is what hap- 
pens every time you burn 
some food. 


The change that has occurred 
is not the same as the 
change when you dissolve 
sugar in some water. And it 
is not the same as the 
change when you melt salt 
in a spoon. 


When the water evaporates, 
the sugar that was dissolved 


in it will be left behind. When 


the spoon cools, the salt in 
it will return to the solid 
state. But you can’t get the 
sugar back from the black 
mass left in the pan. It is no 
longer sugar. It is a different 
substance. The change in 
the sugar is a chemical 
change, the change of one 
substance into another. 


Chemical changes 


Sugar is not the only sub- 
stance that decomposes,or~ 
breaks down, into other sub- 
stances when it is heated. 
Limestone, a common mineral, 
also decomposes when it is 
heated. It decomposes into 
carbon dioxide gas and cal- 
cium oxide. 





The decomposition of lime- 
stone is very important to the 
building industry. The calcium 
oxide formed is used in the 
manufacture of mortar and of 
plaster. 


Decomposition on heating is 
only one kind of chemical 
change or reaction. The chemi- 
cal changes or reactions in 
which a substance takes part 
are the chemical properties of 


that substance. 


17-1 Limestone furnace used in the 
manufacture of calcium oxide (lime) 
for the construction industry. 











An important chemical prop- 
erty of many substances is the 
ability to react with the oxygen 
in the air»Figure 17-2a shows 
a piece of the element phos- 
phorus in air. Most substances 
do not react as rapidly or as 
violently as white phosphorus. 
Think about what happens 

to a piece of steel wool when 
it stands in air for along time 
—especially if the steel wool is 
moist (figure 17-2b). 


Aluminum also reacts with the 
oxygen in the air. The reaction 
is hard to see because a thin 
coating is formed. The coating 
protects the aluminum from 
further reaction. This coating 
has been removed from the 
shiny side of the bar in figure 
17-2b. 


Another kind of chemical 
reaction is taking place in 
figure 17-3a. Small pieces of 
the element zinc have been 
added to water containing a 
substance called an acid. 
Notice the bubbles rising in 
the test tube. 


Bubbles are also rising in the 
test tube in figure 17-3b. An- 
other kind of chemical reaction 
is taking place there. 
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17-3a 


17-3b 






Zinc reacting with 
hydrochloric acid. 


Aluminum reacting 


with sodium hydroxide. » 








Pieces of aluminum have been 
added to a solution of another 
substance that takes part in 
many chemical reactions. It is 
called an alkali or a base. 
Reaction in the presence of 
acids and/or bases is another 
very common chemical prop- 
erty of substances. 


WEST NCMBU RM line 
1. What ts a chemical change? 


2. Give three examples of 
chemical change. 


3. Name two chemical prop- 
erties of aluminum. 


4. Name a chemical property of 
sugar and of limestone. 
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Some evidence of chemical 
change 


When you looked at the pic- 
tures in the last section, could 
you always tell if a chemical 
reaction was taking place? 
Were you always sure that a 
new substance was being 
formed? You can be sure that 
a chemical change is taking 
place when you see a fire. For 
example, you probably do not 
doubt that there is a chemical 
reaction between air and 
burning steel wool (figure 
17-4). 


When the same change occurs 
slowly, as it does between cold 
steel wool and air, you may 
not see it. Then, months later, 
you may notice that some rust 
has formed. The chemical 
reaction has taken place slowly. 
Chemical reactions can take 
place rapidly or slowly, but 
rapid reactions are more 
obvious. 


The production of a gas is 
often a sign that a chemical 
reaction is under way. You 
look for a reaction when you 
see bubbles. You saw bubbles 
in the reactions with an acid 
and a base (figure 17-3). 


A color.change is another sign 
that a chemical reaction is 
taking place. The sugar be- 
came a brown mass when it 
was heated (figure 16:7, 

page 406). 
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17-4 





17:5a 





17-5b 


Figure 17-5 shows still another 
sign of a chemical reaction. 
Two clear solutions have com- 
bined, yet a solid substance 

is in the beaker. A new 
substance has been formed. It 
is not soluble although the 
substances that reacted to form 
it were soluble. The formation 
of a solid substance from a 
reaction between two solu- 
tions is called precipitation. 
The solid substance formed is 
a precipitate. 









ON YOUR OWN 


Household chemistry 


You can investigate some reactions with acids and alkalis 
using these common substances: 


Vinegar Bobby pin, uncoated 
Household ammonia (without Needle 

any additives) Straight pin 
Steel wool, uncoated Aluminum foil 
Paper clip Top of tin can 
1 strand of copper wire Pull ring of pop-top can 
Hair pin, uncoated 


Gently heat about 1 cup of vinegar in an aluminum or 
ceramic glass pan for a few minutes. Pour about half of 
the hot vinegar into a small, clear glass. Put the rest aside 
to be added to the vinegar in the glass after each reaction. 


_ That way, there will always be enough vinegar in the glass 
for a reaction to take place. 


Put a piece of steel wool into the vinegar. Is there any 

sign of a chemical reaction? If so, quickly remove the steel 
wool. If not, wait a minute or two to find out if there will be 
a reaction. Then remove the steel wool and repeat the exper- 
iment with another item on the list. 


Every time you See signs of a reaction, quickly remove the 
metal from the vinegar. 


Continue the experiment, using as many of the items listed 
as you like. Try any other metal items that you can think of. 


DO NOT add any household chemicals to the hot vinegar. 


_ The reactions that would take place in some cases can be 


extremely dangerous and can injure you. 


Put some household ammonia in another small, clear glass. 
Do not heat the ammonia. Use it carefully. Follow the Cirec- 
tions printed on the ammonia container. 


Take a piece of steel wool that has not been in contact : 
with the vinegar and place it in the ammonia. Note if there 


a has been any sign of a reaction, just as you did with the 
a 


_ Try the Sopenen with any at the items you tried in the 
__ hot vinegar. BUT be sure that there is no trace of vinegar 
on any. of the. items you put into the ammonia. 





a 


- Which items reacted with the acid, vinegar? Which ones 
_ reacted with the alkali, ammonia? 
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Energy and chemical 
reactions 


Each of the chemical reactions 
you have seen is accompanied 
by a change in energy. In fact, 
every chemical reaction is 
accompanied by a change in 
energy. Thus the production of 
heat is one sign of a chemical 
reaction. The burning of gaso- 
line in the automobile engine 
is a chemical reaction. So is 
the burning of coal in an 
electric power station. And so 
is the burning of gas on a 

gas stove. 
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The amount of heat given off 
in other chemical reactions is 
less dramatic. In figure 17-6 
some household ammonia has 
been carefully mixed with 
vinegar. Is a chemical reaction 
taking place? 


Now look at figure 17:7. The 
glass contains a teaspoon of 
baking soda (sodium bicarbo- 
nate) mixed in water. Notice 
what happens to the tempera- 
ture when the vinegar is 
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added to the solution. If you 
think the result is strange, you 
might want to try this experi- 
ment yourself. You will feel 
the change in temperature if 
you put your hands around 
the glass. 


Not all chemical reactions 
produce heat. Some reactions _ 


absorb heat from the air, from 


the liquid in which the reac- 
tion takes place, or from any 
place where heat is available. 
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The energy changes that ac- 
“company every chemical — 
‘reaction can be put to work. 
The chemical energy can be 
changed to heat energy, to 
energy of motion, or to elec- 


trical energy. 


For instance, the explosive 
reaction between gasoline and 
air in the automobile engine 
releases much heat. That heat 
is supplied to the gases 


formed in the reaction. The 
gases expand and push the 


cylinders which move the car. 


Another useful reaction is the 
one which takes place be- 
tween_coal and air. In an 
electrical power plant, the 
heat produced by this reac- 
tion is used to change water 
into the steam that drives.the 
turbine that runs the electric- 
ity generator. . 
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Changing the speed 
of a chemical reaction 


Have you noticed a change in 
the speed of certain chemical 
reactions when there is a 
change in the temperature? 
When sugar in a pan is, heated 
slowly, it becomes a brown 
liquid. When it is heated 
rapidly, it very quickly be- 
comes a black mass. 


It takes a long time for cold 
steel wool to react with the 
air. But hot steel wool reacts 
very quickly. And think about 
how long you can keep a piece 
of raw meat in the freezer 
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without its changing. It would 
spoil if you left it on the table 
for a much shorter time. And 
it changes completely in a very 
short time when you cook it. 


Adding heat has made all of 
the above reactions take place 
more rapidly. 


The pad of steel wool that you 
saw reacting rapidly with air 
(figure 17-4) is made mostly of 
iron. If you were to hold an 
iron nail in a flame, the nail 
would not burn. Notice the 





17-8 


difference between the steel 
wool and the iron nail (figure 
17-8). This same sort of dif- 
ference exists between wood 
chips and a whole log. It is 
easier to start a campfire with 
twigs or wood chips. 


The surface area of the react- 
ing substances has an effect on 
the speed at which a chemical 
reaction takes place. 


Other factors also affect the 
speed of a chemical reaction. 
In figure 17-9 there are two 
test tubes. One tube contains 
an acid solution and the 

other contains two drops 

of that acid solution in 40 
drops of water. That is, the 
acid solution in the second 
test tube is only 1/20 as strong 
as the acid solution in the first 
one. There is some iron shot 
in the bottom of each test tube. 
Compare the effect of the 
strong acid solution with that 
of the weak acid solution. 


Notice what happens when 
you reduce the concentration 
of one substance in a chemical 
reaction. How will you affect 
the speed of a reaction if you 
increase the concentration of 
the reacting substances? 





There is still another way to 
speed up the reaction between 
two substances. If pure hy- 
drogen gas is mixed with pure 
oxygen gas at normal tempera- 
tures, nothing seems to 
happen. In time, the two gases 


will slowly react to form water. 


But it will take years. If the 
mixture were ignited, it would 
explode and form water in an 
-instant. However, this is a 
very dangerous experiment 


| 
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17-9a Astrong acid solution (left) 
and a weak acid solution (right) have 
just been added to the iron shot in the 
test tubes. 


and has cost some people 
their lives. 


There is a less dangerous way 
to speed up the same reaction. 
A small amount of powdered 
platinum can be added to the 
mixture. The reaction will take 
place less explosively than if 
the mixture had been ignited. 
But it will take place more 
rapidly than it would without 
the powder. Water is the 








product of the reaction, and 
the powdered platinum can be 
recovered unchanged. 


The same sort of thing happens 
when you add a powdered 
substance called manganese 
dioxide to a hydrogen perox- 
ide solution. Hydrogen perox- 
ide is a common household 
antiseptic. It decomposes 
slowly at room temperature, 
forming water and oxygen gas. 





17:9b The stopwatch shows how much time has passed since the acid was added 
to each of the test tubes. Can you see any signs of a reaction in the tube containing 


the weak acid? 
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Hydrogen peroxide solution 
slowly decomposes in air. 


This decomposition takes 
place without manganese 
dioxide or anything else hav- 
ing been added to the hy- 
drogen peroxide. In time, a 
bottle of hydrogen peroxide 
will lose its effectiveness as a 
result of this decomposition. 


When manganese dioxide is 
added to the hydrogen perox- 
ide solution, the decomposi- 
tion is speeded up. You can 
see the oxygen bubbling out. 
During this whole process of 
the speeded up decomposition, 
the manganese dioxide is 
unchanged (figure 17-10). 


Substances that change the 
speed of chemical reactions 
without changing chemically 
themselves are called catalysts. 
Catalysts used in industry 
make possible the production 
of nearly every useful chemical 
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Adding a manganese dioxide catalyst 
speeds up the decomposition of 
hydrogen peroxide. 


17-10a 


material. Without catalysts, 
many reactions would just take 
too long. Or they would re- 
quire conditions of tempera- 
ture, pressure, or concentration 
that would make them ex- 
pensive and/or dangerous. 


Catalysts in your own body, 
called enzymes, control the 
speed of chemical reactions 
that keep you alive and grow- 
ing. The enzymes speed up 
certain reactions at the right 
time. In fact, enzymes control 
the chemical reactions in your 
body so they follow one 
another in the proper order. 


One enzyme in the blood 
works the same way as man- 
ganese dioxide. It speeds up 
the decomposition of hydrogen 
peroxide. (That’s why hy- 
drogen peroxide fizzes when 
you pour it on an open cut or 
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sore.) The presence of this 
enzyme, called peroxidase, 
provides the police with a 
means of identifying dried 
samples of blood. 


TEST YOURSEL 

1. Name three things you might 
observe that would show a 
chemical reaction was taking 
place. 


2. Give two examples to illus- 
trate the statement that every 
chemical reaction is accom- 
panied by a change in energy. 


3. State three factors that might 
speed up chemical reactions. 


4. What happens to a catalyst 
in a chemical reaction? 


5. What does an enzyme do? 





Manganese dioxide and water remain 
after most of the hydrogen peroxide 
has decomposed. 
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ON YOUR OWN 


More on that advertisement 


In the last chapter, you tested 
the solubility of aspirin and 
buffered aspirin in water. But 
your stomach does not contain 
water. It contains a dilute acid. 


Does buffered aspirin disappear more 
rapidly than regular aspirin when you 
put it in a dilute acid? You can find out 
with two glasses of room-temperature 
vinegar, one of each kind of aspirin, 
and a clock. 


Put a buffered aspirin in one glass of 
vinegar and a regular aspirin in the other 
Be sure that both tablets contain 5 
grains of aspirin so that the test is fair. 
That information should be on the bottle 
label. 


Which tablet dissolves first? 


ON YOUR OWN 


Testing reaction speed 


You can do an experiment on reaction 
speed with the following materials: 


Steel wool, uncoated 
Water 

Vinegar 

8 small water glasses 
Thermometer 


Heat some vinegar until it is about 70°C. 
While it is heating, line up the glasses 
on the table and number them 1 to 8. 


Pour hot water from the tap into glass 
number 1 and room-temperature water 
into 2. Fill 4 and 6 with room-temperature 
vinegar. Fill 8 with half vinegar and half 
water at room temperature. Pour the hot 


vinegar into 3 and 5. And fill 7 with 
half hot water and half hot vinegar. 


Roll two pieces of steel wool into tight 
balls so that they have very little surface 
area. Tear off 6 other pieces of steel 
wool, all about the same size. Put plain 
steel wool in the first four glasses, the 
balls in 5 and 6, and plain steel wool 

in 7 and 8. 


In which glasses does a reaction take 


place first? In which ones is there a 


reaction after a while? And in which ones 
is there no reaction? 


What three factors have affected the 
speed of your chemical reactions? 
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A Molecular 
Demolition Derby 


A model of chemical reactions 


The model of molecules in motion (Unit 4, page 390) can be ex- 
tended to explain chemical reactions. The model describes matter 
as billions upon billions of little particles called molecules, all in 
constant motion. But what do constantly moving molecules have to 
do with a chemical reaction? 

Think of the molecules as if they were the cars in a demolition 
derby. Like the cars, the molecules are made up of different parts. 
Also like the cars, the molecules move around and sometimes bump 
into each other. 

Some of the crashes are gentle. Little happens to the cars. Nothing 
happens to the molecules. But sometimes the crashes are violent. 
The cars get demolished, shaken apart into pieces. So do the 
molecules. 

The similarity stops here. A demolished car does not fix itself. 
But the pieces of molecules “fix” themselves by combining again— 
in new ways—and thus a chemical reaction takes place. A chemical 
reaction occurs when the crash between two molecules shakes them 
apart into fragments, and the fragments then combine in a new 
way—and form molecules of different substances. 
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Now you can see how temperature attects the speed of a chemical 
reaction. Increasing the temperature makes the molecules move 
faster. There are more crashes, and more violent ones, between the 
rapidly moving molecules. Thus, more molecules get shaken apart. 

You can also see why dividing the materials into smaller bits 
affects the speed of a reaction. Smaller particles, like the wood 
chips or thin strands of steel wool, have more molecules exposed 
for reaction. So there are more crashes, and a faster reaction. 

Increasing the concentration of the reacting substances has the 
same effect. The more molecules of the reacting substance that are 
present in the solution, the more crashes occur. And the faster the 
reaction takes place. 

But, how do catalysts act? In a way they are like traffic signals— 
broken ones with green lights in both directions. Instead of keeping 
the speeding molecules apart, the catalysts bring them together. 
Perhaps a broken railroad switch is a better example. The catalyst 
pulls the molecules together until they collide as if they were trains 
switched onto the same track. 

This demolition-derby model is a very simple way to look at how 
substances like sugar split into others (page 443) and how sub- 
stances like hydrogen and oxygen form new ones like water. The 
finer points are a part of the story of the atom. 





17-12 Molecules of sodium chloride 
and silver nitrate bump into each other 
and break apart. When they bump again 
and recombine, new substances are 
formed. 
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An historical overview 
of atomic theory 





The Story In the sixth century B.c., Pythagoras, a Greek mathematician and 

scientist, taught that matter was composed of earth, water, air, and 
of the Atom fire. He felt that these existed in various mixtures with the qualities 
Part 1 hot, cold, wet, and dry. Pythagoras’ ideas were modified by a 


series of philosophers in the years that followed. 

The views that finally came to be accepted were those of Aristotle 
(384-322 B.c.), one of the most famous of the Greek philosophers. 
He believed that all space was filled with some basic stuff called 
hyle. And the four basic elements—earth, water, air, and fire—were 
absorbed by the hyle in various proportions. 

Aristotle thought that all worldly substances were made of dif- 
ferent mixtures of the elements in the hyle. And he thought the 
heavens were made of a fifth element, aether (€/thar). For the 
heavens, obviously, were made of a pure substance unlike anything 
on earth. 

According to Aristotle, even the simple substances could be 
divided into smaller and smaller particles without changing them. 
He did not believe empty space could exist. But the followers of 


17-13 Modern interpretation of the another Greek philosopher, Democritus (460-380 B.c.), did not agree. 
four basic elements—fire, water, 


air, and earth. 
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17:14 Dalton’s symbols for some 
elements. 
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Democritus thought there would finally be one particle of a sub- Hydrogen 
stance that could no longer be divided. He called that invisible, 
indestructible particle an atom, from the Greek word a-tomos, 
meaning ‘not divisible.” Democritus felt there were different kinds 
of atoms to make up the different basic substances, or elements. He 
also believed that there were substances made of more than one 
kind of atom. But Aristotle’s views were accepted rather than those 
of Democritus until the turn of the seventeenth century. 

The ideas of Democritus were lost to scientists for around 2000 Oxygen 
years until Sir Robert Boyle (1627-1691), an English scientist, used 
them again. To Boyle, elements were “primitive and simple, and 
perhaps unmingled bodies’’—atoms. But Aristotle’s elements did 
not fade from view that quickly. While some chemists relied on 
atoms for some of their work in the next 120 years, others still used 
Aristotle’s four elements. 
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Dalton’s theory makes the difference 
In 1803, John Dalton, a British chemist, published his atomic theory. 
Dalton thought of the smallest particles of elements as simple little 
balls. He drew circles to represent them, and shaded the circles in 
different ways to show different elements (figure 17-14). 

Dalton knew that elements have different properties. And accord- 


Nitrogen 


ing to his theory the simplest particles of an element also have dif- 
ferent properties than those of any other element. These particles 
differ in size and weight. But all particles of one element are alike. 
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Dalton called his particles ““atoms’’ because he thought they were 
similar to the ones described by Democritus. 

The scientific discoveries of the 1700’s made the value of Dalton’s 
theory easy to see. Modern atomic theory grew out of the research 
of the last 150 years. It changes continually as more experimental 
evidence is gathered. But it still has some points in common with 
Dalton’s theory. 

According to both theories, atoms join together to form the mole- 
cules of more complex substances, called compounds. For instance, 
atoms of hydrogen and oxygen combine to form molecules of water. 
The molecule is the smallest particle of a compound such as water. 
A water molecule cannot be broken down into the atoms of hy- 
drogen and oxygen without being destroyed. And the properties 
of the water molecule are different from the properties of the ele- 
ments that combined to form it (Table 1). 


Table 1 






















Density Melting | Boiling 
grams per point point 
Substance | Formula Appearance 1000 cc in°c in°c 





NHOWN |icolorless qasem | NNI420INe | =1s4 
colorless liquid | 1000.0 | oO | 





A molecule does not always consist of one atom of each of the 
elements that have combined to form it. Water, for instance, has 
two atoms of hydrogen and one atom of oxygen in each molecule. 
But the atoms that make up a molecule are always present in fixed 
whole numbers. A molecule can never contain part of an atom be- 
cause, according to atomic theory, an atom is the simplest part of 
an element that retains the properties of that element. 





Chemistry—a new language 


Modern chemists use letters 
instead of shaded circles to 
represent each of the elements. 
H stands for hydrogen; O for 
oxygen. Fe is iron, from the 
Latin word ferrum which 
means iron. The symbols of 
the elements are on pages 458 
and 459. 


Chemical words, or formulas, 
are used to describe molecules 
(figure 17-15). The numeral to 
the right of and slightly below 
the letter symbol tells how 
many atoms of that element 
are in the molecule. Water 
contains 2 atoms of hydrogen 
and 1 of oxygen. The table- 
sugar molecule, C,.H,.0,,, 
contains 12 atoms of carbon, 
22 of hydrogen, and 11 of 
oxygen. 


Sentences called equations are 
used to describe chemical 
reactions (figure 17-16). Notice 
that there are always the same 
number of atoms of each ele- 
ment on both sides of the 
arrow. And there are never 
just parts of atoms in an 
equation. 


For instance, you cannot break 
down one molecule of water to 
get two atoms of hydrogen 
and one atom of oxygen (fig- 
ure 17:17). Hydrogen and 
oxygen are two of the gaseous 
elements that do not normally 


H.O 


17:15 Dalton combined the circles for hydrogen and oxygen to show a water 
molecule. He should have put a circle for oxygen between two circles for hydrogen. 
Modern chemists show molecules by joining the letter symbols of the elements. 
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17-16 When sugar burns, the sucrose breaks down to give 12 atoms of carbon and 
11 molecules of water. 
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2H,0 





2H, ae 0, 


17-17 When water decomposes, two molecules,of water break down to give two 
molecules of hydrogen and one molecule of oxygen. 


Table 2 lists the formulas for 
each of the compounds men- 
tioned in this chapter. And 
Table 3 gives the equation for 
each of the reactions you have 
observed. If you can tell what 
each of the letters and num- 
erals means, you are begin- 
ning to learn the language 

of chemistry. 


exist as single atoms. The 
atoms of these elements im- 
mediately combine to form 
molecules. Hydrogen and 
oxygen both exist as two-atom 
molecules. 


Some other gaseous elements 
that exist as two-atom mole- 
cules are nitrogen (N,), chlo- 
rine (Cl,), and fluorine (F,). 
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Table 2 


Formulas of some chemicals in chapters 16 and 17 








Substance Formula Substance : Formula 
Acetic acid (vinegar) MnO, - 
Aluminum oxide AgCl 
Ammonia, household | NH,OH — | Silver nitrate =| AgNO, — 
Calcium carbonate Caco, Sodium bicarbonate | NaHCO, — 
Calcium oxide CaO Sodium chloride - NaCl 
(table salt) _ 
Carbon dioxide [cO, | Sodium hydroxide =| NaOH 
Carbon monoxide NaNO, 
Hydrochloric acid HCl “Sucrose Cho. 
(table sugar) 
Hydrogen peroxide H,SO, 
ron oxide 0 
lron sulfate Fe,(SO,), ZnCl , 


Table 3 


Chemical reactions in chapter 17 





Equation —_ 
C..H.,0., + heat —> 120 + 114.0 
CaCO, + heat — CaO + CO, 
| 2Fe + 3H,SO, —> Fe,(SO,), + 3H, 
Zn + 2HCI — ZnCl, +H, 
2Al + BNaOH ——> 2Na,AlO, + 3H, 
AML 30, 2ALO. oS 


Chemical reaction 







Heating sugar 
Heating limestone 

iron with sulfuric acid 

Zinc with hydrochloric acid 
Aluminum with sodium hydroxide 
Aluminum with oxygen (air) 
Iron with oxygen | 4Fe + 30, —— 2Fe,O, _ . 
White phosphorus with oxygen |P,+50,—-P,0, 
Ammonia with vinegar _ | NH,OH + HC,H,O, - 

Sodium bicarbonate with vinegar | NaHC! H 

Hydrogen with oxygen 12H, 

___ (Platinum catalyst 
Decomposition of . 
: _ hydrogen peroxide| 
Silver nitrate with 


























































sodium chloride | 





The Story 
of the Atom 
Part 2 


HYDROGEN |: 


17-18 ‘That one must be the lightest 
element!” 





The development of modern atomic 
theory followed the discovery of 
a way to classify the elements 


The periodic table 

In the early 1800’s several chemists noticed that certain elements 
have similar chemical properties. For instance, nearly every reaction 
that takes place between oxygen and a metal also takes place be- 
tween that metal and sulfur. Although oxygen is a gas and sulfur 
a solid, they react similarly. They belong to one group of elements. 

Chemists noticed that other elements could be placed in groups 
according to the types of reactions in which they took part. So they 
placed all the known elements in groups on this basis. As they 
discovered each new element, chemists found that it too fit into 
one of the groups. 

While they were studying the reactions in which the elements 
take part, some chemists found a means of comparing the weight 
of atoms of the elements. They had a roundabout way of doing it 
since single atoms couldn’t be weighed. 

For example, they had noticed that 1 gram of hydrogen always 
combines with 35.5 grams of chlorine to form the compound hy- 
drogen chloride (HCl). From other evidence the chemists knew that 
each molecule of hydrogen chloride contains one atom of hydrogen 
and one atom of chlorine. From still other observations, they knew 
that hydrogen was the lightest element. By putting all these pieces 
of evidence together, they estimated how much heavier than a 
hydrogen atom each atom of chlorine was. 

To set some sort of means by which to compare the weights of 
atoms, they assigned the number 1 as the weight of a hydrogen 
atom. In relation to that an atom of chlorine must have a weight 
OftS5:5: 

By combining and comparing other elements in this way, chem- 
ists continued to find their weights. Then Jons Jakob Berzelius 
(bar zé/lé as), a Swedish chemist, listed the weights of all the ele- 
ments then known. He called these weights the relative atomic 
weights of the elements. 

Up to this point, there were two ways to classify elements—by 
the reactions in which they took part and by their atomic weights. 
Nobody thought of looking at both classifications at the same time 
until 1869 when a Russian chemist, Dmitri Mendeleev (men/da- 
la/yaf), provided the way. He arranged the elements in rows across 


445 





the paper according to the order of their atomic weights. But he 
stopped each row so that elements with similar chemical properties 
were listed one below the other. His arrangement is called the 
periodic table of the elements (figure 17°19). 

The periodic table is used by chemists because it contains a great 
deal of information in a convenient form. On it a chemist can find 
the atomic weight of an element, the reacting group to which it 
belongs, and other information, some of which is described below. 

17:19 
The divisible atom 
Research on the elements continued. One of the interesting dis- 
coveries was that the atom, for which the word meaning “‘indivis- 


ible’ was used, could be divided. 
3 6.940 9.013 Transition Elements 
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Radium 
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Francium 


58 140.13} 59 140.92} 60 144.27 | 61 (145)* | 62 150.35 | 63 152.0 | 64 157.26 65 158.93 
= Lanthanide Series Ce Pr Nd Pm Eu Gd Tb 


Cerium  |Praseodymium| Neodymium | Promethium | Samarium Europium Gadolinium Terbium 


90 232.05] 91  (231)'| 92 238.07] 93 (237)"| 94 242)" | 95  (243)"| 96 (248)"| 97 —(247)" 
® Actinide Series Th Pa U Np Pu Am Cm Bk 


Thorium Proactinium Uranium Neptunium Plutonium Americum Curium Berkelium 





“Atomic weights appearing in parentheses are those of the most stable known form. 
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The atom was found to consist mainly of empty space, but it has 
a very tiny, very heavy core. This core, called the nucleus, contains 
all the positive charge of the atom. There are negatively charged 
particles in the space around the nucleus. There are enough of these 
particles, called electrons, to keep the atom electrically neutral. For 
instance, the hydrogen atom (the smallest atom) has one positive 
charge in its nucleus. Such a positive charge is called a proton. In 
the space around it, there is one negative charge, the electron. 

Atoms of other elements have more protons in their nuclei, and 
more electrons in the space around them. But in each case the 
number of protons in the nucleus of each atom is the same as the 
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17-20 


number of electrons in the space around it. And the number as- 
signed to each element on the periodic table turned out to be the 
same as the number of protons in the nucleus of an atom of that 
element. That number is called the atomic number of the element. 
Each element has a different atomic number. This indicates that an 
atom of one element has a different number of protons in its nu- 
cleus than an atom of any other element. 

When you look at the atomic number and the atomic weight 
assigned to each element on the periodic table, you'll notice some- 
thing interesting. For example, the atomic weight of the hydrogen 
atom is almost the same as its atomic number—l. Nearly all of the 
weight of an atom has been found to be in its nucleus. So the proton 
can be assumed to have an atomic weight of 1. 

However, there is more to the story of what we now know to bea 
divisible atom. Researchers had evidence that the helium atom 
nucleus contains 2 protons. So we would assume that helium has an 
atomic weight of 2. But according to the periodic table, helium has 
an atomic weight of 4. The rest of the weight was found to be due 
to the presence of another kind of particle in the helium nucleus. 
The helium atom has two of them. Each of these particles has about 
the same relative weight as a proton, but no electric charge. These 
neutral particles are called neutrons. 

We can picture a divisible atom that consists of a nucleus con- 
taining protons and neutrons with electrons in the space around 
the nucleus. Figure 17:20 shows some ways we can picture the 
divisible atom. 





“Who-dun-it?” 


i 


17:21 Scientist testing for the 
presence ofa drug. 


Using physical properties, 
chemical properties, 

and nuclear chemistry 

to solve crime 


A man is found lying unconscious in the street at daybreak. He 
seems to be the victim of a hit-and-run accident. No witnesses are 
available. The police were notified by an anonymous phone call. 
The investigating officer notices a smear of paint on the man’s 
coat. He carefully places a few flakes of it in an envelope and sends 
it to the crime laboratory. 

The crime laboratory has a staff of forensic scientists, people 
trained to use science to solve problems of civil or criminal law. 
One uses a microscope to study the layers and colors of the paint. 
The scientist may test each layer with solvents to find out whether 
it is oil base or plastic. 

If the sample were larger, he or she would use an instrument 
called an emission spectograph to find which chemical elements 
are present. This instrument heats a paint flake until it vaporizes 
and begins to glow. Atoms of each element in the sample give off 
light having specific wavelengths which the instrument sorts out 
into a series of lines (line spectrum) shown on a dark background. 
This indicates what elements are present. Titanium, magnesium, 
and aluminum are common in auto paints. 
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The policeman gave the crime lab a very small paint sample. So 
it is important to get a chemical analysis without destroying it. 
One very sensitive way to do this is called neutron activation 
analysis. The sample is placed in a nuclear reactor and bombarded 
with neutrons, causing some of its atomic nuclei to become tempo- 
rarily radioactive. Then the elements in the sample and their con- 
centrations are identified from the kind of radioactivity emitted, 
its strength, and its rate of decay. 

Neutron activation may also be applied to samples such as glass, 
soil, metals, gunpowder residues, or hair. One interesting use is 
in cases of poisoning with metallic poisons, such as arsenic and 
lead, which concentrate in hair. 

The hospital has reported that the victim may have been drugged 
or poisoned before he was hit by the car. The analysis of his hair 
shows no arsenic, but the crime laboratory staff will do many other 
tests before they discard the doctor’s suspicion. In general, much 
more work is needed before neutron activation becomes a reliable 
routine procedure, but it shows promise. 

The forensic scientists who analyzed the paint have used their 
findings and information supplied by auto manufacturers to find 
the color, make, and year of car that the paint came from. They give 
this information to the police, who find a suspicious car fitting the 
description. The car has a broken headlight, dents, paint scrapes, 
and some stains that look like blood. Samples of glass from the 
headlights, paint, and the stains are sent to the crime laboratory. 
These samples will be evidence that the car was or was not at the 
scene of the alleged crime. ; 

Chemical analysis of the glass tells the forensic scientists little, 
because the chemical elements contained in most glass are similar. 
But some physical properties can differ. One of the forensic scien- 
tists may try to match the density of a piece of glass found in the 
street under the victim with that of the broken headlight. He or she 
would also probably determine its index of refraction by measuring 
how much light rays are bent as they pass through it. 

The laboratory reports that the glass and paint seem to have 
come from the suspected car. But the police want more evidence. 





, 


Is it blood? 

The detective in charge of the case asks a forensic scientist to 
identify the stains found on the suspicious car. Blood stains are 
not always red or brown. They may appear tan, green, or even gray, 
depending on their age or their surroundings. To find out if it could 
be blood, the scientist performs the benzidine test on a sample of 
the stain. 

He or she mixes a colorless chemical called benzidine acetate 
with hydrogen peroxide and a bit of the sample. A bright blue color 
forms immediately, meaning that blood is probably present. The 
color forms when benzidine acetate reacts with the oxygen pro- 
duced by the decomposition of hydrogen peroxide. 

This decomposition takes place slowly without blood. But if 
blood is present, it happens almost instantly. The enzyme peroxi- 
dase in the blood catalyzes the decomposition of hydrogen perox- 
ide. The benzidine test is very sensitive and detects even very old 
stains. However, other substances, including rust, also give a 
positive test so these possibilities must be eliminated. 


Is it human blood? 

If the scientist is sure the stain is blood, he or she must find whether 
it is human or animal. The blood could be that of a dog or cat hit by 
the car. The scientist uses a test developed around 1900 by a 
German chemist, Paul Uhlenhuth (u/lan hit), to find out if the 
blood is human. 

Blood contains a variety of proteins which differ slightly from 
one species of animal to another. Some of these are in the blood 
serum, the watery portion remaining when blood cells are removed. 
Uhlenhuth found that when he injected serum obtained from 
chicken blood into a rabbit, proteins called antibodies built up in 
the rabbit’s blood serum to destroy the proteins from the chicken. 
Then, when a sample of the rabbit’s serum was placed in a test 
tube with serum from a chicken, a flaky white precipitate formed. 
The test is called the precipitin test. 

Antibodies can be produced for other species in the same way 
and used to distinguish among them. To find out if it is human 
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“er 
17:22a Positive agglutination test. 
The blood cells have clumped. 
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17:22b Negative agglutination test. 


blood, the scientist dissolves the suspicious blood stain in a weak 
solution of salt and water. He or she then mixes it with a series of 
rabbit serums containing known antibodies, such as dog, horse, 
chicken, and human. 

If the sample is human blood, it will turn white with human 
antibodies, but not with the others. Only such closely related 
species as donkeys and horses or apes and humans cannot be 
distinguished because their proteins are too much alike. 


Is it the victim’s blood? 

The stain proved to be human blood. But that wasn’t enough evi- 
dence to take the case into court. Human blood can be divided into 
four major groups; A, B, O, and AB. The victim’s blood group is B. 
This classification is based on proteins in blood cells, called ag- 
glutinogens. These cause blood cells to clump together (agglutinate) 
when certain groups are mixed. The scientist compares some of 
the sample scraped off the car with dilutions of known groups and 
finds that it too is group B. This is an important bit of evidence 
that links the car to the alleged crime. 


Is the suspicious car stolen? 

In his semi-conscious state, the victim has been mumbling some- 
thing about a stolen-car ring. If the suspicious car was stolen, its 
engine might have a fake serial number. Thieves sometimes file 
down the original number and stamp a fake one over the same 
place to make the car hard to trace. However, a forensic scientist 
may still be able to read the original number. The original stamp- 


ing compressed the metal crystal structure to a level below the 
filed level. 





To reveal the numbers, the scientist files the surface smooth and 
treats it with a mixture of hydrochloric acid (HCl) and copper 
chloride (CuCl,). This slowly dissolves the entire surface. But it 
works more slowly on the small compressed crystals than on the 
larger crystals of the surrounding areas. Both old and new numbers 
appear to rise up. They remain visible long enough to be photo- 
graphed and then they too dissolve. Original serial numbers on 
stolen guns can be seen this way too. 

The police are having a hard time identifying the victim. His 
fingerprints are not on file with the FBI. And the identification 
card in his wallet has been tampered with. The address listed on 
it is that of an empty lot. 

Ink eradicator seems to have been used to remove one address 
before replacing it with another. But ink eradicators only destroy 
that part of the ink molecule which absorbs visible light. The re- 
mainder of the molecule may be visible in an infrared photograph. 


17-23 Hidden serial numbers can be 
brought out. 
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17-24 Scratched out numbers on the 
matchbook can be read on photo- 
graphs taken in infrared light. 
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As soon as the forensic scientists find the original address on the 
card, they notify the police. 

The police find an empty apartment. But there is a piece of 
charred paper in the sink. They also find a matchbook with some- 
thing crossed out on its cover in one corner of the bedroom. A 
forensic scientist photographs the paper and the matchbook 
in infrared light and the hidden information shows up in the 
photographs. 

The police put together all the information given them by the 
crime laboratory. With that and the story told by the victim who 
is finally well enough to talk, they are able to make an arrest. 

When the case comes to court, the prosecuting attorney will 
claim that this was no mere hit-and-run accident. It was attempted 
murder. The victim had innocently bought a stolen car and was 
being blackmailed by the seller. When he threatened to notify the 
police, the seller drugged him, let him out in the middle of the 
street, and ran him down with the car. 

The tests done by the forensic scientists will be used as evidence 
in the trial. Tests in forensic science require great accuracy be- 
cause reputations and even lives of persons accused of crimes are 
often at stake. The forensic scientists must testify in court. They 
must be able to explain the results of their complicated tests in 
simple clear terms to judges and juries who have no scientific 
training. 





Chapter 18: Metals 


There has not yet been About 80 of the chemical 
agreement as to how long elements are metals. Of 
there have been human these, some 15 are used 
beings on our planet. Scien- regularly in technology and 
tists have traced the history industry. Another 15 are 

of humanlike animals back- used now and then. And the 
ward through over 17/, mil- rest are of interest mainly 
lion years. to the chemist. In this chap- 


ter, we will deal only with the 
most common metals. 





One way they have classi- 
fied the remains they found 
is through the tools located 
nearby. The earliest tools 
were fashioned out of stone. 
Those who made and used 
them are said to have lived 
in the Stone Age. 


Around 3000 B.c. people 
living in the area we call the 
Middle East began to make 
their tools of bronze. Bronze 
is a mixture or alloy of cop- 
per and tin. 


In the Middle East the 
Bronze Age lasted until 
about 1100 B.c. Around that 
time people started to make 
their tools out of iron. The 
Iron Age and the use of iron 
have continued to this time. 
But today, people also use 
many other metals. 
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The Marvels 
of Metals 
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Metals are more alike in their physical properties than in their 
chemical properties. When polished, they are shiny substances 
that reflect light much as mirrors do. 

With the exception of the liquid metal, mercury, all metals are 
flexible solids. They can be hammered into sheets and bars, drawn 
into wire, and ‘“‘worked”’ in many ways. Yet, they remain strong. 
The strength and flexibility of metals are important reasons for 
their use in construction, transportation, and machine manufacture. 

All metals are conductors of heat and electricity. Some conduct 
electricity well enough to be used in the electrical industry. Others 
do not conduct as well, but none are insulators. 

Metals, thus, are extremely useful. But there are problems in- 
volved in their use. These include cost, chemical reactivity, and 
high density (mass per unit volume). Most of the common metals 
readily react with a large variety of chemicals. Because these in- 
clude air—especially moist air—most metallic objects are slowly 
eaten away. 

A few metals such as gold, platinum, and silver are less reactive. 
But these are also expensive and among the most dense metals. 
They increase the cost and the weight of any object made of them. 
Therefore, the cheaper, less dense, and more reactive metals are 
used more often in technology and industry. 











18-7 Pure iron 
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IRON 


Iron is the most used metal. Nearly 600 million tons of iron are 
produced throughout the world every year. It is the least costly 
and most versatile metallic building material. There are few places 
where metals other than iron must be used. 

The purest form of iron in common use is wrought iron. This 
iron is made by the refining of iron ore. Wrought iron contains 
carbon and small amounts of other elements as impurities. Its prop- 
erties are such that its range of use is very limited. Most iron is 
changed into steel in a second refining step in which some of the 
carbon is removed. Steel is an alloy—a mixture of iron with other 
elements. 

The properties of iron and its alloy, steel, change greatly with 
carbon content. Pure iron, which has been made for laboratory 
use, is silvery white, fairly soft, and magnetic. Wrought iron, con- 
taining a little carbon, is much harder, but it can still be worked 
and hammered easily. Steel varies in its properties from “soft steel” 
with little carbon content, to tougher and stronger steel with greater 
amounts of carbon. 


USES OF STEEL IN THE US. 


a automotive industry 


[3 construction industry 
[ | warehouse distribution centers 


le containers, packaging, 
and shipping materials 


industrial and electrical machinery, 
appliances, domestic 
and commercial equipment 


miscellaneous industries, 
agriculture, and export 
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Steel is made from iron ore Iron ore, coke, and lime- The molten iron falls 











and from steel scrap. The stone are fed into the blast to the bottom of the 
iron ore is reduced to iron furnace. Iron is separated furnace. The melted 
in the blast furnace. from its ore at tempera- limestone floats to the. 


tures around 1650°C. top of the pool of iron. 
The limestone com- 
bines with impurities 
in the iron to form 


slag. 


Steel scrap is recycled in 
the basic oxygen, open 
hearth, and electric fur- 
naces. 
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Most of the steel made in the 
United States is made in 
open hearth furnaces. 





The basic oxygen furnace can 
change 80 tons of scrap and 
200 tons of molten iron into 
steel in 40 to 60 minutes. 







The electric furnace is used 
to make alloy steels out of 
scrap. 
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18-10 The Kennedy half dollars have 
a copper Core covered with a 75- 
percent copper and 25-percent nickel 
alloy. 
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OTHER COMMON METALS 


Aluminum is the metal next in importance to iron. Almost 11 mil- 
lion tons of aluminum are produced throughout the world each 
year. An important and useful property of aluminum is its low 
density, about one-third that of iron. In addition, aluminum is 
a good conductor of electricity, making it suitable for electricity 
transmission lines. 

Copper is the third most important metal, in terms of tons pro- 
duced. World production totals about 7.1 million tons a year. Small 
amounts of copper are used to make alloys like brass and bronze. 
Most of the copper produced is used in electrical equipment be- 
cause it is the best conductor among the common metals. 

Only two other metals are used in any significant amounts. The 
yearly world production of zinc is just over 5.5 million tons. Zinc 
is used mainly in the protection of steel against rusting. Yearly 
world production of lead is about 4 million tons. It is used chiefly 
in the manufacture of automobile batteries. 

The world production of the other common metals cannot be 
measured in millions of tons. However, those metals are easily 
available and widely used. Tin, chromium, and nickel are plated on 
steel to protect it against rusting. Magnesium, cobalt, tungsten, 
nickel, manganese, titanium, and chromium are used to produce 
alloys. 

When these metals are added to steel or aluminum or each other, 
they form alloys, each of which has its own special properties. 
Magnesium alloys of aluminum have very low density, but they 
also lose their strength at fairly low temperatures. Cobalt alloys 
of steel produce the strongest permanent magnets. Tungsten alloys 
hold up to very abrasive conditions at high temperatures. 








seis 


18:12 Cobalt compounds color the blue pieces of pottery. 
Nickel compounds color the black pieces. 








18:11 Sample aluminum cans for soft drinks. 


18-13 Cross section of the almost totally metal spacelab. 18:14 Lead storage battery 
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The chemistry of metals 


The common metals are used 
in many ways. Each metal is 
chosen for a specific use ac- 
cording to its physical and 
chemical properties. Melting 
point, boiling point, density, 
and hardness are important. 
So is the likelihood that the 
metal will or will not take part 
in a chemical reaction. 





This likelihood varies greatly 
for the common metals. Gold 
is not likely to react. It is 
found in nature as a pure 
metal. Iron is not. Unless iron 
is protected, it will quickly 
combine with the oxygen in 
air. Iron is found in nature 
mainly as oxides (iron-oxygen 
compounds). 


You do not have to look far to 
see differences in the reactivity 
of common metals. Perhaps 
there are copper pots in your 
kitchen, or aluminum window 
frames in your home. Does 
copper “rust” like iron? Have 
you ever seen aluminum 
“rust’’? What about any other 
metals? 


Most metals react naturally 
with the oxygen in the air. 
Some react very quickly and at 
low temperatures. Others react 
only at high temperatures. 
Only gold, silver, and plati- 
num do not react at all, or 
react so slowly it is hard to 
detect the reaction. 


When a metal reacts with the 
oxygen in the air, the atoms 
of the metal combine with 
atoms of oxygen. The combina- 
tion reaction can be shown: 


imetal + oxygen — metal oxide 


Similar combination reactions 
take place when metals are 
exposed to the gaseous ele- 
ment, chlorine. These reactions 
can be shown in a similar way: 


metal + chlorine — metal 
chloride 


18:15 Copper roof of the Chicago 
Water Tower. Its blue-green patina is 
due to the formation of a protective 
surface film of a copper compound. 


Metal-chlorine reactions occur 
much faster than metal-oxygen 
reactions. But they do not take 
place at the same speed for 
every metal. Iron and zinc 
react very rapidly with both 
oxygen and chlorine. Metals 
like tin and lead that seldom 
react with the oxygen in the 
air react slowly with chlorine. 
And metals like silver and 
gold that do not react with 





18:16c Copper strip in a solution of an iron compound, 





oxygen react very slowly with 
chlorine. 


Some metals tend to react 
rapidly with other elements. 


Other metals only react slowly. 


And still others seldom react 
at all. A pattern of reactivity 
exists among the metals. 


Can you see a pattern of re- 
activity in the following set of 
experiments? Each experiment 


18-166 Four hours later, a copper-colored layer has 
formed on the iron strip. 


3 i aK 






see x 
18:16d Fourhours later, no change is visible. 


involves placing a piece of one 
metal into a solution that con- 
tains a compound of another 
metal. 


In figure 18:16a, an iron strip 
has been put into a solution 
that contains copper sulfate, a 
compound of copper. Figure 
18-16b shows the strip in the 
solution a few hours later. 
Notice what has happened to 
the iron. 
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Will the same sort of reaction 


take place if you put a piece of 
copper into a solution con- 
taining a compound of iron? 
The copper in figure 18°16c is 

in a solution of iron chloride. 
Figure 18-16d shows the cop- 
per in the solution after a few 
hours. Did anything happen 
to the copper? 


464 


ie 
Coa 


18-17a Copper strip in a solution of a silver compound. 






What will happen if you put 
the copper into a solution 
containing a compound of a 
different metal? It is being 
placed in a solution of silver 
nitrate in figure 18-17a. Notice 
what happens to the copper 
after a few hours (figure 

13217 by 


What happens when a piece of 
silver is placed in a solution 


18-17d Fourhours later, no change is visible. 









18-17b Only three hours later, a grayish substance has 
formed on the copper. 


= 


containing copper sulfate 
(figures 18-17c and d)? 


Do you notice any pattern? 

It would be a good idea to 
look at another pair of experi- 
ments before making a deci- 
sion. Notice what happens 
when a piece of iron is placed 
in a solution containing silver 
nitrate (figures 18-18a and b). 


* = 


18:18c Silver strip in a solution of an iron compound. 


Does the same thing happen 
when a piece of silver is put 
into a solution containing iron 
chloride (figures 18-18c and d)? 


There has been a chemical re- 
action in one of each pair of 
experiments. But it is not a 
combination reaction. That is, 
two substances did not com- 
bine to form a third. The iron 
strip in the solution containing 


= 





. 


copper sulfate had a layer of 
copper on it after a few hours. 
It is easy to see that copper 
came out of the solution and 
deposited on the iron strip. 


Something else happened that 
is not easy to see. In fact, you 
will have to observe another 
experiment before you can 
detect it. That experiment will 
be done on the solution in 


oF! 


18-18d Nochange is visible. 


which the iron strip became 
coated with copper. It is a test 
chemists perform when they 
want to know if a compound 
of iron or copper is ina 
solution. 


465 


First the copper coated iron 
strip is removed from the solu- 
tion. Then a solution contain- 
ing sodium hydroxide is added 
to the beaker (figure 18°19b). 
When there is a compound of 
iron in the solution, a rust- 
colored substance precipitates 
(drops to the bottom of the 
beaker as a solid). When a 
compound of copper is in the 
solution, a blue-green sub- 
stance precipitates. Notice 
what has happened in this 
case (figure 18-19c). 


There must have been a com- 
pound of iron in the solution. 
When the strip was placed in 
the copper sulfate solution, 
iron went into the solution 
and copper came out. Chemists 
say that the iron displaced the 
copper from the compound, 
copper sulfate. This is a dis- 
placement reaction. One ele- 
ment has displaced another. It 
can be shown by an equation: 


iron + copper sulfate —> 
copper + iron sulfate 


Displacement reactions show 
which of two metals is more 
reactive. If iron displaces 
copper out of the copper com- 
pound, iron is more reactive. 
What happened in the reverse 
reaction? Did copper metal 
react with iron chloride to 
displace the iron? 
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Now look back at figures 18-17 
and 18-18. Which is more re- 
active, copper or silver? Iron 
or silver? Which is the most 
reactive of the three metals? 
The least reactive? Do your 
observations agree with the 
placement of the three metals 


in the displacement series in 
Table 1? 





TEST YOURSELF 

1. List three metals that are not 
reactive. 

2. List three reactive metals. 

Name three metals that will 

displace copper from a solu- 


Go 


tion of copper sulfate (Table 1). 


4, Name one metal that will not 


displace copper from a solu- 
tion of copper sulfate 
(Table 1). 


Table 1 


Displacement Series 


Order of reactivity 





Magnesium—most reactive 
Aluminum 

Manganese 

Zinc 

Chromium 

Iron 

Cobalt 

Nickel 

Tin 

Lead 


Copper 
Mercury 


Silver—least reactive 
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Using displacement reactions 


A strip of metal placed in a 
solution containing a com- 
pound of a less reactive metal 
displaces the less reactive 
metal from solution. But that 
is not the only way that a 
metallic displacement reaction 
will take place. Notice what 
happens in the following ex- 
periment (figure 18-20). 


A strip of copper is placed in 
a clear glass tank which con- 
tains copper sulfate solution. 
A strip of iron is placed in 

a porous cup which contains 
iron sulfate solution. The cup 
is then immersed in the tank 
of copper sulfate solution. 
Thus, each metal is in a solu- 
tion of one of its own com- 
pounds. These solutions are 
touching in the pores of the 
cup although they are kept 
from mixing. 


The metal strips are connected 
by a wire made of a substance 
that conducts electricity. A 
voltmeter is attached in a 
parallel circuit with the metal 


468 


voltmeter 


strip holder 


copper sulfate solution 


porous cup 





t 
| 
i 
: 
: 





18-20a 


iron sulfate 
solution 


strips. This arrangement is 
called an electrochemical cell 
(figure 18-20). 


Look closely at the metal strips 
after the reaction has taken 
place for about 4 hours. Is 
there still a current? Notice 
what has happened to the iron 
and copper strips. The chemi- 
cal reaction for this cell is the 





same as the reaction when an 
iron strip is put into copper 
sulfate: 


iron + copper sulfate —> 
copper + iron sulfate 


In the electrochemical cell, the 
displacement reaction has not 
only made chemical changes. 
It has produced some usable 
electric current. 


18-20c Notice that the iron strip looks 


rusty. Also notice the flecks of shiny 
copper on the copper strip. 
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Notice what happens when 
the iron in iron sulfate solu- 
tion is replaced by zinc in zinc 
sulfate solution (figure 18-21a). 
Does the same thing happen 
when the porous cup contains 
a strip of iron in iron sulfate 


solution and the tank con- 
tains tin in a tin chloride solu- 


tion? The same type of reaction 
takes place when you use 
other metals, as long as each 
metal is in a solution contain- 
ing one of its own compounds. 


Compare the voltage produced 
by all of the cells. Can you 
relate the difference in voltages 
to the reactivity of the metals 
in the cells? Can you relate it 
to the position of the metals in 
the displacement series (Table 
1)? How would the voltage 
produced by a magnesium- 
copper cell compare to the 
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 18-21a 


voltages produced by the cells 
in figures 18-20 and 18:21? 


Every one of the metals in 
Table 1 can be made part of 
an electrochemical cell with 
every other one. The voltages 
produced depend on the dis- 
tance between the reactivities 
of the two metals. For example, 
magnesium and silver are 
farthest apart on Table 1. So 
they would produce the high- 
est voltage. All other combina- 
tions would produce a lower 
voltage. 


Only one of the cells you have 
been studying has ever been 
used for practical purposes. 
The others are expensive and 
it is difficult to make the cell 
work the same way each time. 
However, a cell exactly like the 
one with copper and zinc in 


18-21b 


solutions of copper and zinc 
sulfates was common for many 
years. It was first used by an 
Englishman, John Daniell, and 
is named after him. The Daniell 
cell produced the electric cur- 
rent to run some of the early 
railroad telegraphs. 


TEST OURS EI 

1. What are the parts of an 
electrochemical cell? 

2. Which two metals will pro- 
duce the highest voltage in 
an electrochemical cell? 





ON YOUR OWN 


Batteries 


You can make your own battery with 
the following: 


2 iron nails 

2 aluminum nails (or 1 aluminum can 

top) 

1 tin can top 

Water 

Salt 

1 fresh lemon 

Baking soda 

Borax 

Simple compass galvanoscope 
(chapter 7, page 165) 

Copper bell wire 

3 glasses of water 

1 10-cm (3-in) cardboard square 


Clean each of the pieces of metal. Rub 
fine sandpaper on the surface of the 
metal. Then wipe away any excess dust. 
Cut 1-cm-wide strips out of the center 
of the aluminum and tin can tops. Clean 
any coating off the aluminum or tin. 


Strip the coating from two 10-cm lengths 
of copper bell wire. Clean the wire and 
bend each piece so it is shaped like a 

- paper clip. 


Dissolve about 2 tablespoons of salt 

in a glass of water. Use the wire to attach 
an iron nail to one terminal of the gal- 
vanoscope and a piece of aluminum to 
the other terminal as shown. Place the 
metals in the salt water and watch the 
galvanoscope to see If there is a current. 


Dissolve about 2 tablespoons of baking 
soda in the second glass of water and 
2 tablespoons of borax in the third. 
Place the iron and aluminum in the 
baking soda solution and watch the 
galvanoscope. Repeat the activity using 


the borax solution. Then push the metals 


into half of a fresh lemon. Is a current 
produced in any of the cases? 


Repeat the above activities using several 
combinations of metals. You might try 
the bent copper wire and the iron 

nail, the bent copper wire and the alu- 
minum, the bent copper wire and a 

strip of the tin can, and any others you 
think of. 





A model of displacement reactions 





From Atoms Exactly what happens in a displacement reaction? Let’s start with 
the nucleus of an atom. It carries a positive charge. Outside the 
to lons nucleus there are enough negatively charged electrons to make the 


atom electrically neutral. But an atom does not remain neutral in 
all situations. 

An atom of one element can pull an electron away from an atom 
of another element. When this happens, both atoms are no longer 
neutral. The atom that lost the electron becomes positively charged. 
The atom or group of atoms that attracted the electron becomes 
negatively charged. These atoms, or groups of atoms, that have 
an electric charge are called ions. 





18-23 Copper sulfate dissolved in water. Copper ions (Cu* +) 18-24 Zinc, the more reactive metal, pushes copper out 

and sulfate ions (SO, ~) are moving about freely. of copper sulfate solution. Neutral copper atoms (Cu) 
deposit on the zinc strip. Positive zinc ions (Zn**) go into 
solution. 


472 





The formation of ions (ionization) takes place in a displacement 
reaction. For example, we can look at the reaction that takes place 
when a strip of zinc is placed in a solution of copper sulfate. Copper 
sulfate is made up of positively charged copper ions and negatively 
charged sulfate ions. When copper sulfate crystals are dissolved 
in water, the ions separate and move about freely (figure 18-23). 

Zinc is an element which reacts with other substances more 
readily than does copper. The electrons outside the zinc nucleus 
are not as firmly held as those outside a copper nucleus. So it takes 
less energy to pull electrons away from the zinc nucleus than from 
the copper nucleus. 

A displacement reaction takes place when a strip of zinc is placed 
in a solution of copper sulfate. Positively charged copper ions are 
moving freely through the solution. Whenever one of these ions 
brushes against the zinc strip it pulls two electrons away from a 
zinc atom. Once the copper ion gains these electrons, it is again a 
neutral copper atom. As a copper atom it is not soluble in water, 
so it is deposited on the zinc strip. 

The zinc atom that has lost the two electrons to the copper be- 
comes a positively charged zinc ion. It is now soluble in water. So 
it leaves the zinc strip and moves freely through the water. 

The above reaction occurs all at once. Thus the solution is al- 
ways electrically neutral. The positive charge of the zinc ions and 
copper ions in the solution is balanced by the negative charge of 
the sulfate ions. The equation for this reaction is: 


ZiNGeacOpper “sulfatess ——» copper .zinc’™ sulfate 
(solution) (solution) 


The ion-formation model can also be used to study what happens 
in an electrochemical cell. The cell is divided into two halves by 
a porous barrier. One half of the displacement reaction takes place 
on each side of the barrier. 
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18-25 Reactions in an electro- 
chemical cell. 
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On one side, a strip of zinc is hanging in a water solution of 
zinc sulfate. On the other side, a strip of copper is hanging in a 
solution of copper sulfate. The copper strip is connected to the 
zinc strip by a conducting wire. 

At the zinc strip, the zinc atoms lose electrons to become posi- 
tively charged zinc ions that go into solution. But in this case the 
zinc strip is in a solution of zinc sulfate. There are no copper ions 
next to the zinc to attract the freed electrons. 

These electrons move through the conducting wire to the copper 
strip hanging in copper sulfate solution. The positively charged 
copper ions in the solution are in contact with this strip. These 
ions attract the electrons that crossed the conducting wire from 
the zinc strip. In this way the copper ions become neutral copper 
atoms. 

The copper ions that have become neutral copper atoms deposit 
on the copper strip. The zinc atoms that have become zinc ions 
enter the solution. In the solution, the excess of positively charged 
zinc ions attract negatively charged sulfate ions through the pores 
in the barrier. Thus the solutions on both sides of the barrier 
remain neutral. 

All of these reactions take place at the same time. The electro- 
chemical cell provides a current until all the zinc is used up or 
no more copper ions are left. 





From the 
Stone Age 
to the 
Foundry 


18-26 Bronze dagger with gold inlay 
(16th century B.C.). Bronze, a mixture 
of copper and other metals, is stronger 
than pure copper. 
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The discovery of metals 
and some uses for them 


If our prehistoric ancestors had not begun to learn about the be- 
havior of matter, we might still be huddling in caves, depending 
on wild fruits and berries for food. After discovering fire, perhaps 
a million years ago, they learned that stone can be chipped into 
very good tools and weapons. Then about 9,000 years ago, perhaps 
in Asia Minor, people learned that metals make better tools that 
last longer. 

In nature, metals are usually combined with other elements in 
a form called ores or minerals. The metals can only be freed from 
their ores by heating (smelting) or chemical treatment. So early 
people first learned to use those metals they could recognize by 
sight. Such uncombined metals are called native because they 
occur in nature as metals rather than as ores or minerals. There 
are only three of these in more than very small amounts—gold, 
silver, and copper. 


Gold 

Some authorities think copper was the first metal used. But others 
suggest gold was noticed first. Gold doesn’t tarnish easily andwas 
probably found as bright, glittering nuggets or dust in stream beds. 
The first toolmaker who picked up a gold nugget must have been 
disappointed because the material could not be chipped into a 
spearpoint or arrowhead. Gold can be shaped by pounding with 
a stone. But the metal is too soft for making good tools and weap- 
ons, except small items such as pins or fishhooks. Yet we do have 
evidence that ancient peoples prized gold. 

When these people could no longer find nuggets, they collected 
gold dust. Their means of collecting it is believed to be the basis 
for the legendary Golden Fleece in Greek mythology. They passed 
water containing sand and gravel from stream beds over sheep- 
skins containing the fleece. The gold was much denser than sand 
or gravel. So it settled into the fleece and stuck to the wool grease 
that naturally coats each hair. 
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18:27 Native copper. 





18:28 Spearheads beaten out of 
native copper from the Lake Superior 
region. These belong to the North 
American archaic period which ended 
in 1500 B.C. 
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18:29 Ahistoric map of the Middle 
East showing some of the locations at 
which ancient metal objects have been 
found. 


Copper 

Sometime before 5000 B.c. our human ancestors noticed certain 
greenish masses. These were either on the ground or in walls of 
canyons cut by rivers. If they scratched the surface of these masses, 
they found the green colored material was only a film covering a 
bright reddish metal. The metal was copper. The film forms be- 
cause copper reacts with substances such as oxygen, carbon di- 
oxide and sulfur in air and water. The film protects the metal from 
further reaction. 

When supplies of copper on the surface of the earth became 
scarce, the ancients dug mines. At first their tools were crude, 
consisting of things such as picks made of forked tree branches 
or antler horn. Sometimes fires were set in the mines to crack the 
solid rock walls. Heat caused the top layer of the rock to expand 
faster than the rest. This caused the rock to crack. Sometimes, the 
hot rock was doused with cold water. Then the top layer contracted 
faster than the rest and caused more cracking. 

Apparently fire was used to mine copper by early inhabitants 
of America, too. The world’s largest deposits of native copper are 
in northern Michigan. About 5000 pits chipped out of solid rock 
can be seen there. When found, many of the pits still contained 
stone hammers and remnants of charcoal. New research methods 
have indicated that the copper deposits were worked by American 
Indians as early as 4000 B.c. 

We know that metal was being smelted in Asia Minor by this 
time, but we can only guess how it began. Pottery has been made 
since about 6000 B.c. This required firing at very high temperatures. 
So we know that the ancients knew how to build hot fires. 

We suspect that copper ore somehow got into one of these fires. 
Some experts think that the ore was malachite, which is a green 
copper carbonate (Cu(COs),). Ancient people carved malachite into 
works of art and ground it for use as a pigment in paints. If a chunk 
of malachite fell into a hot fire, copper metal could have been left 
in the ashes after the fire cooled. 
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18:30 Bronze head of Sargon of Akkad 
(around 2350 B.C.) found in the 
excavation at Nineveh. 





18°31 This ancient Egyptian wall 
painting shows smelting of gold ore. 
Similar methods might have been used 
with other metals. Egyptians placed the 
ore over a fire and stirred it during 
heating. They used foot bellows to 
pump air into the fire, making it hotter. 
Then they lifted the melted gold from 
the fire and poured it into molds. 
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People soon learned to recognize minerals containing copper 
and started to build smelters. Perhaps they made hotter fires by 
surrounding them with walls of baked or sun-dried clay. And they 
could have placed the fire over a clay-lined pit to catch the molten 
metal. Then, they might have stacked alternate layers of charcoal 
and ore within the walls around the fire, much like the layers 
of a cake. 

The discovery that a draft made the charcoal burn faster and 
produce more heat was an important step forward. At first, the 
smelter might have been placed on the side of a hill where strong 
winds were frequent. Soon crude air blowers were made from 
whole animal skins with neck, tail, and two legs tied. A clay tube 
could have been inserted into the third leg to blow out the air. 








And the fourth might have served as a valve to permit fresh air 
to enter the skin. Then by squeezing the skin, air could be forced 
through the clay tube into the bottom of the fire. After the fire was 
out, and the metal cooled, it was removed from the pit and ham- 
mered into shapes. 

The people who removed the metal from the pit may have noticed 
that shapes of the cold metal and those of the pits were always 
similar. The idea of casting metals into shapes might have come 
from such observations. 

Molten metal was poured into shallow open molds of stone or 
pottery having the general shape of the article to be made. Cast- 
ings made this way were not good enough to be used as tools be- 
cause one side was flat. They still had to be hammered, but much 
less time and effort were needed. 

Rounded objects were sometimes cast by tying together two 
pieces of shaped pottery or stone and pouring molten metal into 
the center. Such objects had to be of solid metal and were heavy 
and wasteful of metal. Soon core-casting was invented. For this, 
a small mold or core was nested inside a larger mold and metal 
was poured into the space between. When the outer mold was 
broken away, a hollow core-filled shape was obtained. There is 
evidence that this process was common in Mesopotamia by 3000 
B.c. (figure 18°29). 

The ancients kept improving upon their smelting skills. Even- 
tually, probably by chance, they learned how to make a mixture 
of metals that had some useful properties. That mixture was bronze. 
Bronzes are alloys of copper with other metals such as arsenic, 
antimony, and tin which at first were probably impurities in cop- 
per. The first bronzes contained arsenic. Soon, probably because 
arsenic is so poisonous, other bronzes, mostly of tin, came into use. 
These were superior to copper because they melt at lower tempera- 
ture, are more easily cast, and are stronger. 


Tin 
Like gold, tin can be found in stream beds. An ancient searching 
for gold might have picked up heavy black nuggets of tin oxide 
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18:32 Hammered copper panel from 
above the doorway of a temple at 
al-Ubaid near Ur (around 2000 B.C.). 
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called cassiterite. Smelting cassiterite is simple. It need only be 
mixed with charcoal and heated. Yet, one of the earliest tin artifacts 
(objects made by humans) known is a strip of tin dated near 600 B.c. 
This was found among the wrappings of an Egyptian mummy. 

The importance of tin in bronze was recognized as early as 2000 
B.c. At that time the inhabitants of Hissarlik, a city that stood on 
the same site as ancient Troy, obtained both tin and copper from 
central Europe. Hissarlik then established trade with Egypt, which 
was without tin. It also traded with Crete where the magnificent 
Minoan civilization flourished. 


In 1800 B.c. Egypt, because of political misfortunes, ceased to 
be a customer. Hissarlik then began to trade with Spain, which had 
her own tin supplies. Soon Spain made her own bronze. And when 
Spain’s tin supplies were used up, bronze centers moved through 
France to England, where other tin mines had been discovered. 











Iron 

In many languages, the word for iron is related to that for “heaven- 
sent.’ The first iron used by ancient peoples probably came from 
a certain kind of meteorites, called irons, which contain up to 95 
percent iron. The rest is mostly nickel and sometimes a little cobalt. 
_Smelted iron usually does not contain much nickel. Therefore, 
when fairly large amounts of nickel are found in an ancient iron 
artifact, the iron is thought to be from meteorites. A dagger found 
in Egypt and dated about 3500 B.c. has been found to contain 11 
percent nickel. Iron beads of about the same date contain about 
7¥2 percent nickel. The iron in these is, then, likely to be from 
meteorites. 

Iron smelting probably was invented by the Chalybes (kal/i béz), 
subjects of the Hittites, a people who lived in Asia Minor near the 
‘upper Tigris and Euphrates rivers (figure 18-29). This happened 
in perhaps 2000 B.c., long after copper smelting was known. This 
delay might be because iron must be smelted at higher tempera- 
tures. (Copper melts at 1083°C and iron at 1535°C). 

Iron might have been found in the ashes of pottery kilns or cop- 
per smelters as a porous, ugly mass filled with cinders and waste 
materials. The first one who tried to hammer this mass into a tool 
certainly wasted time. Such impure material could not be worked 
into a good cutting edge no matter how much it was hammered. 


18:33 Battle axes made of meteoric 


iron (around 1000 B.C.) 
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18:34 Dagger and sheath of gold and 
iron found in the tomb of Tutankhamen 
(around 1350 B.C.) in the Valley of 

the Kings. 
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A great step forward happened when someone discovered that 
if the ugly mass was heated repeatedly in a charcoal fire and ham- 
mered, it became harder and superior to bronze. This discovery 
is believed to have taken place shortly before 1900 B.c. 

Now we know that repeated contact with charcoal followed by 
hammering gradually works carbon into the surface of the red-hot 
metal. This process is called carburization. It produces a film of steel 
around an iron core. 

How the iron was handled during hammering is a mystery. No 
tools suitable for that purpose have been found. Copper and most 
copper alloys soften between 400°C and 800°C and would have be- 
come useless for handling red-hot iron. The temperature of the 
iron is above 750°C. One suggestion is that wet tree branches were 
used to handle the hot iron. 

At first, ancient people treasured iron and made it into orna- 
ments and jewelry. For example, the tomb of Tutankhamen of 
Egypt, dated at about 1350 B.c., contained a dagger of smelted iron 
placed in a position that showed it to be a prized possession. The 
dagger was probably a gift from a king of the Hittites because at 
that time iron working was unknown in Egypt. The tomb also con- 
tained a welded iron headrest. This is of special interest because 
welding requires a high temperature of about 1350°C. 

The Hittites seemed to have kept their knowledge of iron work- 
ing secret. When their empire fell in 1200 B.c., iron workers mi- 
grated to other parts of the world, taking their art with them. By 
1000 B.c. the art had spread to Greece, Crete, and then through 
the Balkans into central Europe and regions east of the Alps. There, 
better grades of ore were available. Thus better grades of iron 
could be made. , 

But two other valuable processes still had to be discovered. 
Quenching, which involves rapidly cooling the hot metal, was devel- 
oped in Egypt between 900 and 700 B.c. Quenching is usually done 
by plunging the hot metal into water. The resulting steel is hard 
and brittle. 

Therefore the second process, tempering, is necessary. In tem- 
pering, quenched iron is heated to moderate temperatures and 


slowly cooled. This softens the steel just enough so that good non- 
brittle cutting tools can be made. But the process was not mastered 
until ancient Roman times. The ancients probably tempered their 
steel by using a quenching process which lowered temperature 
more slowly than cold water. 

Considering the tools they had to work with, the ingenuity of 
ancient people is almost unbelievable. They had accomplished so 
much by the advent of the Christian era that there was little change 
in metalworking for over 1600 years until the Middle Ages. 





18:35 Golden bowl from Ras Shamra 
(1400 to 1500 B.C.). Note the hunting 


scene around the bowl. 
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Avoiding rust 


Most automobiles are made 
mainly of steel, an alloy of 
iron. Since they are used out- 
of-doors in all sorts of weather, 
the steel tends to react with 
the substances in the air. That 
is, automobiles rust. 


Rust flakes off the iron surface 
to expose more iron to the air. 
In this way the steel of the 
automobile is eaten away or 
corroded. Or it would be if the 
steel had not been treated to 
protect it against corrosion. 


One method of protecting steel 
against corrosion is to coat it 
with zinc, or galvanize it. Two 
of the steel strips in figure 
18°36 have been galvanized. 
Notice what has happened to 





Pee a wes ek ie at 
18-36a From the left, bare steel strip, 
scratched galvanized steel strip, and 
unscratched galvanized steel strip. 
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the strips after they have been 
suspended above boiling water 
overnight. The first strip is 
bare steel. The middle one has 
a scratch in the center, and the 
last one has an unbroken zinc 
coating. 


There is an explanation for 
these observations. The iron 
and the zinc of the middle 
strip have acted like the parts 
of an electrochemical cell. The 
more reactive zinc displaces 
the less reactive iron from any 
compounds it might form dur- 
ing corrosion. Thus the iron 
remains free metal. 


What do you suppose would 
happen to a strip of iron that 
had been coated with alumi- 





18-36b 
strips. 


Using steam to rust the steel 


num? Check Table 1 (page 
467) to find how reactive 
aluminum is. — 


Another method used to protect 
steel against corrosion is 
plating, or electrochemically 
depositing a layer of another 
metal on it. Tin, copper, and 
chromium are often plated on 
steel parts of an automobile. 
How do you think they react 
in a corrosive environment 
(figure 18-37)? 


The method used most often to 
protect steel against corrosion 
is painting. The paint, like the 
plated metals, acts as a coating 
to keep air and water away 





RAO AS OE 
18:36c Bare steel has been pitted 
by rust. Both scratched and unscratched 
galvanized steel strips have not rusted, 
and the scratch is less visible. 


18-37a Using steam to rust scratched steel plated with tin, with copper, and with 
chromium. 


GQ E LL EIO t, 


18-37b All the scratches on these steel strips have rusted. Note that the chromium 
plating has protected the scratches against rust better than either the tin or copper 
plating. Chromium, like zinc, is more reactive than iron in a displacement reaction. 
Another reason chromium protects the metal better is that chromium is harder to 
scratch. 








from the iron. If the paint sur- 
face is broken the metal below 
it is open to the atmosphere. 


The paints used on bridges 
and certain steel buildings do 
more than act as coatings. 
They contain compounds of 
lead and zinc that are formu- 
lated to keep the metal from 
taking part in the chemical 
reactions of corrosion. 


Tol ay OURSELE 

1. Name three methods of pro- 

tecting iron against corrosion. 

Give one reason why zinc 

protects iron better than 

tin does. 

3. What ts corrosion? 

4. In your own words, define 
plating and galvanizing. 


ho 
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Chapter 19: Compounds of Life 


All living things are made of 
compounds of the same ele- 
ments. But the differences 
among living things are 
countless. 


For many years these differ- 
ences were thought to be 
connected with a “‘vital 
force.” All living things and 
all of the molecules they are 
made of were thought to be 
controlled by something 
particularly living. 





Ordinary chemicals like 
sodium chloride were thought 
to differ from the compounds 
of living things because they 
lacked the “vital force.” To- 
day we know better. But it 
took an experiment per- 
formed about 150 years ago 
to open the door to the 
present understanding of the 
compounds Of life. 








The Magic 
of Carbon 
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An explanation of the variety 
of “‘living’”’” molecules 


One day in 1828, a German chemist, Friedrich Wohler (vé/lar), 
happened to heat an ordinary chemical called ammonium cyanate 
(NH,OCN). When he looked at it after a while, he was surprised 
to find that the compound urea (NH,CONH,) had formed. Urea 
is found naturally in the urine of animals, including people. Wohler 
had produced a compound of life without adding any ‘vital force.” 
A new explanation was now needed for the differences between 
compounds usually found in living things and compounds found 
in minerals. 

Scientists found that all of the compounds of living things con- 
tain the element carbon. Carbon also forms mineral compounds. 
Limestone and marble, for instance, are both different forms of 
calcium carbonate, CaCO,. How is the carbon in these minerals 
different from the carbon in the compounds found in living things? 

In the carbon compounds of living things, two or more carbon 
atoms are attached to each other. In mineral compounds, that does. 
not usually happen. The molecules of living things contain chains 
of carbon atoms, dozens, sometimes hundreds, of atoms long. And 
they also contain compounds in which the carbon atoms link to- 
gether to form a ring. 

This ability of carbon atoms to link to each other is the reason 
for the great variety among the molecules of living things. The 
branch of chemistry that deals with the many ways that carbon 
links to carbon is called organic chemistry. 


methane ethane 





19-1a 19-1b 


butane 





isobutane 


19-1c 


The simplest organic compounds, hydrocarbons, contain only 
carbon and hydrogen. They can be used to show how the carbon- 
carbon linkage can lead to such a variety of organic compounds. 
The simplest hydrocarbon is methane, CH,. It has one carbon atom 
surrounded by four hydrogen atoms. The next simplest is ethane, 
GE diguie, 19:1), 

The hydrocarbons become more complex as the number of car- 
bon atoms in each molecule rises. But the variety of organic mole- 
cules is due to more than the rising number of carbon atoms in a 
chain. As soon as there are four carbon atoms in a hydrocarbon 
molecule, the chain of carbon atoms begins to branch. It is possible 
for one carbon atom to be linked to as many as four others. 

A C,H,) molecule having four carbon atoms in a row is shown 
in figure 19-1c. The molecule in figure 19-2 is also C,Hjy, but it is 
not the same substance. The two C,H,, molecules have different 
physical properties. The compound with four carbon atoms in a 
row boils at —0.5°C. The branched chain compound boils at —10°C. 

The possibilities for such combinations are practically endless. 
And they all contribute to the variety of living things. 





19-2 The same number of carbon and 
hydrogen atoms are attached differently 
in the isobutane molecule (C4H,,) as in 
the butane molecule, also C,H;,. So the 
two are different substances. 
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Molecules 
on a Chain 





a. glucose 





19-4 Glucose and fructose are two 
of the many simple sugars. 
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Another reason for the variety 
of living things is that many 
units of smaller organic 
molecules join together to form 
chains 


I’m hungry! 

There’s nothing like a bite out of a juicy red apple. Mmm, good! 
Did you ever stop to think that even an apple contains molecules? 
The apple is so sweet because it consists of sugar molecules. These 
sugar molecules in the apple are strung out together, the way beads 
are strung into a chain. They make up a foodstuff called a starch. 
In starch, the chains of sugar molecules are joined together to form 
very large, complex molecules. Such large molecules that are made 
up of many units of smaller molecules are called polymers. The 
polymer, starch, is made of many sugars. 

Sugar itself is not a simple molecule. In fact, there are many dif- 
ferent kinds of sugars (figure 19-4). All are sweet, though not 
equally sweet. And all are chemically similar, but not identical. 

Sugar is an important chemical in the life processes. In your 
body, sugar is in part changed to simpler compounds. This reac- 
tion provides energy for your activities and heat to keep your body 
warm. Some excess sugar is changed chemically into fat and stored. 
Other excess sugar is changed into a polymer called glycogen. Gly- 
cogen is stored in your liver and can be rapidly changed back 
into sugar. 


b. fructose 





Most of the sugar that enters your bloodstream comes from starch 
foods you eat. Starch is stored by plants, much as glycogen is stored 
by animals. Plants change the excess sugar they produce during 
photosynthesis into starch. This starch is then stored in the plant. 

Figure 19-6 shows one way sugars are connected in starch mole- 
cules. In some plants, the sugars which make up the starch are 
strung out like the beads in a string, forming long molecules. In 
others, the sugars are linked together more like the branches of 
a tree. Whatever the arrangement, all starches consist of thousands 
of repeated units of the smaller sugar molecules. 

When you eat the starch—that juicy red apple, for instance— 
the polymer is broken down by digestion reactions into the in- 
dividual sugar molecules. The sugar molecules are small enough 
to pass through the intestinal walls into your blood. Starch mole- 
cules are not. If your body does not need all the sugar, it polymer- 
izes it (changes it into a polymer) again and stores it as glycogen. 

Plants form yet another polymer of sugar, cellulose. Cellulose 
is different from starch because its molecules are linked together 
differently. Cellulose does not dissolve in water and is not broken 
down by human digestion. Therefore, cellulose is not absorbed but 
is eliminated by human beings. Some of our common domestic 
animals do have enzymes that allow them to break down cellulose 
molecules into sugar molecules. Cattle, sheep, and goats, among 
others, thrive on cellulose in the same way that humans thrive 
on starches. 





ee 


glucose 


as many as 200 





19-5 Norbert Rillieux was born in 
New Orleans. After being freed from 
slavery and educated in France, he 
returned to Louisiana. There he invented 
the Rillieux process of vacuum 
distillation of sugar cane juice. Better 
quality sugar could then be produced 

at less cost. Rillieux left New Orleans 
when he was required to carry a pass 
because he was black. He returned to 
France. There he worked with a famous 
archaeologist, deciphering Egyptian 
hieroglyphics. 


19-6 Straight-chain starch molecule. 
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Make mine medium rare 

Steak also consists of molecules that are strung together like beads 
in a chain. The polymers in steak are called proteins. Proteins are 
different from carbohydrates and fats. They contain nitrogen, and 
sometimes sulfur and phosphorus, in addition to carbon, hydrogen, 
and oxygen. The proteins are the basic building blocks of muscle, 
vital organs, eyes, skin, nails, and hair. They are more complex 
polymers than starches. Proteins are made up of varying com- 
binations of about 20 simpler molecules called amino acids. 

The amino acids are related to each other, yet each is slightly 
different. They are like the different makes of cars. Though the basic 
structure is alike, the trim is a bit different for each. All of the amino 
acids have the amino structure and the acid structure (figure 19-8). 
The rest of the molecule (the trim) differs in each of the amino acids. 


Chemists are not sure how many different proteins exist in 
nature. The number is really limitless. With about 20 (some sources 
say there are up to 30) simple amino-acid units to choose from, 
there are very many different possibilities for the polymers. For a 
small protein of 20 or 30 amino-acid molecules, the number of dif- 
ferent possible combinations is in the billions of billions. And for 
the proteins of muscles or other tissues, the number of possibilities 
is so large that it is hard to imagine. 

Proteins occur in certain plants as well as in animals. Peas and 
beans (not green beans) are among the few vegetables that are rich 
in proteins. Most vegetable proteins are incomplete; that is, they 
do not contain all of the amino acids needed to maintain human life 
or support growth. The protein of other plants, nuts and cereal 
grains in particular, do contain the amino acids needed for proper 
human development. And animal products such as milk, meat, fish, 
and eggs are rich in this kind of protein. 

In some regions of the world there is a serious shortage of animal 
protein and a lack of knowledge about which plant proteins can be 
eaten to make up for this shortage. Many of the children in these 
regions suffer from brain damage and serious malnutrition diseases 
because of the lack of certain amino acids in their diets. This could 
be corrected by feeding them proper amounts of such proteins as 


the glycinin found in soybeans or the glutenin found in wheat, 


both of which contain the essential amino acids. 


rll wear mine — 
This evening’s dinner might even be good to wear. Amino-acid and 
sugar polymers provide us with shelter and clothing as well as 
food. The amino-acid polymers, wool and silk, are basic clothing 
materials. And such luxury clothing materials as furs are also 
protein, along with everyday materials such as leather. But when 
it comes to everyday use, the sugar polymers outnumber the amino- 
acid polymers. The sugar polymer, cellulose, is the basic constitu- 
ent of wood, cotton, linen, and paper. 

The structure of cellulose polymers shows how they can produce 
these important compounds. In the spinning of cotton, for instance, 


19-8 Three different protein structures. 


Each has the same amino and acid 
structure. Only “the trim” changes. 
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19-9 This cotton fiber is magnified 60 times. Notice how 19-10 This section of pine has been magnified 50 times. 
the shape of the fiber varies throughout its length. The cell walls are made of cellulose molecules. 
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small strands of fiber are curled together into longer and longer 
threads. But each of the fibers is itself made up of millions of mole- 
cules that are curled together in the fiber (figure 19-9). Long string 
molecules form the fiber, and long string fibers form the thread. 

All of the cellulose fibers—cotton, linen, flax, hemp—are similar 
in this way. The individual cellulose molecules may be shorter or 
longer, more compact or more spread out in each fiber. As a result 
the yarn may be softer or tougher, smoother or coarser. 

Wood does not consist of fibers (figure 19-10). The cellulose 
molecules form different kinds of solid structures in wood. The 
cellulose may be closer together to form hard wood or farther apart 
to form softer wood. There are all sorts of other compounds also 
mixed in with the cellulose. But the basic structure of wood is that 
of a polymer of sugar molecules which are arranged to give the 
characteristics of that particular kind of wood. 

Paper is a highly refined wood. But not all varieties of wood can 
be used to make paper. The wood is cut, chipped, and ground into 
very short particles. These are stirred with water and purified by 
chemical treatment. The fine cellulose particles remaining are 
then deposited on a felt pad. The excess water flows away, and the 
moist layer of cellulose is passed between drying rolls. As the 
cellulose particles dry, they interlock to produce paper. 
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Polymers that can be used for 
clothing and shelter can now be 
made in the laboratory and factory 


Polymers have been made in the laboratory for over 100 years. 
Celluloid, a synthetic cellulose, was made in 1868 by John Wesley 
Hyatt, an American. It was the only synthetic polymer until 1909. 
At that time Leo Hendrik Baekeland, a Belgian-born American, 
synthesized a woodlike material which is called Bakelite. 

Since then, a large variety of polymers with many different forms 
and properties have been synthesized. Most synthetic polymers 
are not chemically reactive. But they differ in their resistance to 
weather, cold, or corrosive chemicals. Some are electrical insulators; 
others are heat insulators; still others muffle sound. 

Some polymers can be rolled into sheets, or cast into forms. 
Others can be pulled into fiber that can be used in the manufacture 
of clothing and fabrics. There are polymers that take on a fixed 
shape during manufacture and cannot be changed. And there are 
polymers that soften when heated and stiffen again when cold. 

There are probably dozens of plastic materials around you. You 
may be wearing clothing made of nylon, rayon, or Orlon. And your 
breakfast may have been cooked in a pan lined with Teflon. All of 
these are synthetic polymers. 

The greatest advances in polymer chemistry have come in the 
last 15 to 20 years. Chemists have begun to understand how the 
structure of a polymer affects the properties of the synthetic mate- 
rial. Thus they learned to tailor-make materials. And the end of 
their discoveries is not in sight. The possibilities are apparently 
endless because the variety is endless. And all of these new mater- 
ials begin, in effect, with coal for carbon, air for oxygen and/or 
nitrogen, and water for hydrogen. 

Unfortunately the picture is not quite so rosy as the manufac- 
turers of all these products would have us believe. Many of the 
synthetic polymers are not biodegradable. That is, they are not 
broken down in nature. Others give off poisonous chemicals as 
they decompose. And none can be manufactured without the dan- 
gers of pollution that seem to be a part of chemical technology. 














The Fly 
in the 
Ointment 


There are many serious problems 
that have arisen from our 
advances in chemical technology 


The chemical industry provides us with many comforts. We have 
replaced the horse that runs on oats with automobiles that run on 
chemicals from petroleum. We have substituted artificial fibers 
such as nylon and polyesters for natural fibers so that our clothing 
needs no ironing. We use plastics so we can throw them away. And 
we use chemical pesticides to kill insects that spread disease, de- 
stroy our fruits and vegetables, or just annoy us. 

But each of these chemicals has some bad effects. One is obvious. 
Our environment is being damaged by wastes from products that 
make our lives easier. Another is not so obvious. We take into our 
bodies—in food, air, and water—more chemicals than ever before. 
And we do this without considering the effects that these may 
have over a long period of time. 





Effects on people 

Many chemicals are added to food intentionally. For instance, if 
you examine the print on a package of potato chips, you might find 
that BHT or BHA has been added. These compounds prevent the 
fat in the chips from spoiling by reacting with the oxygen in the 
air. They make it possible to keep potato chips on the shelf longer 
without spoiling. 

But have the BHT and BHA been tested enough to prove that 
they are harmless to the people who eat the potato chips? At one 
time, a question was raised about the safety of BHT. It caused birth 
and growth defects when it was fed in large quantities to rats. So 
it was studied further. Small amounts like those found in food are 
now considered safe. 

A similar question has been raised about monosodium glutamate 
(MSG). This chemical improves the flavor of meats and vegetables 
by increasing the sensitivity of the taste buds on the tongue or 
possibly by increasing the flow of saliva. 

Large amounts are used in Chinese-style cooking. These large 
amounts of MSG sometimes cause acute discomfort. For example, 
after eating a Chinese-style meal, some people suffer from a burn- 
ing sensation of the skin, pressure in the temples, and severe chest 
pain—all of which go away in about 45 minutes. But in small 
amounts like those in ordinary food, no ill effects due to MSG have 
been reported. 

What about artificial sweeteners? At one time cyclamates, about 
30 times as sweet as sugar, were added to diet soft drinks and 
canned fruit. At present the law does not permit use of cyclamates. 
When fed to rats in large quantities they sometimes caused birth 
defects and cancer. Because no harmful effects in people have been 
reported, the use of cyclamates is still being debated. Even sac- 
charin, an artificial sweetener that has been used for years, is being 
tested. Therefore research is being done to find other artificial 
sweeteners—ones with no ill effects. 

Many other chemicals are unintentionally added to our foods. 
For instance, antibiotics are often fed to cattle and poultry. They 
then appear in the beef and chicken we eat. These chemicals are 


499 





500 





INGREDIENTS: SUGAR, FLOUR, WATER, IMITATION JELLY (IF JELLY), CORN SYRUP, WHO 
MILK, CORN SUGAR, COCONUT (IF COCONUT), CORN STARCH, NON-FAT DRY MILK, LEAVEN 
AND ARTIFICIAL FLAVORS, GELATIN, U. S. CERTIFIED COLOR. SODIUM PROPIONATE AND 


"INGREDIENTS: | ED | ! 
SALT, DEXTROSE, PAPAIN, 
D A T! ‘ 


ALCIUM STFARA 
NGREDIENTS; 











INGREDIENTS: Mille 
salt, and malt flavorir 
mide, thiamine (B,), 
and iron phosphate 
added to packaging rr 
serve product freshne 





Ingredients: Corn syrup solids, vegetable fat, sodium caseinate, di 
phate, emulsifier, sodium silico-aluminate, artificial flavor and 


INGREDIENTS: WHOLE MILK, WHEAT | 
BICARBONATE, POTASSIUM BICAR 


FLAKED CORN, WITH SUGAR, SALT, M/ 
ste. FLAVORING; VITAMIN B, (THIAMINE), N 

~CINAMIDE, IRON PHOSPHATE, AND RI! 
' FLAVIN. BHT added to packaging mate 


_ to preserve product freshness. 


INGREDIENTS: SUGAR, MALTED MILK, COCOA, CHOCOLATE, SALT, 
LECITHIN, SODIUM BICARBONATE AND VANILLIN—AN ARTIFICIAL FLAVOR. y 








19:13 


good for the animals, but they may do serious harm to us when 
we eat the meat or poultry. Some scientists fear that harmful bac- 
teria may become resistant to the antibiotics present in food. 
That is, they fear that the antibiotics would no longer kill the bac- 
teria and would thus be useless in the treatment of disease. 

Heavy metal compounds also get into our foods. They are poured 
into lakes and streams in wastes from industrial processes. And 
they are not destroyed in the environment. They stay for a long 
time, and often are found in fish and other seafood. Mercury seems 
to be the heavy metal whose compounds worry people most. In 
large amounts (greater than those presently found in seafood) they 
affect the nervous system, causing muscular spasms and mental 
disturbances. 





Large amounts of the heavy metal compounds poured into lakes 
and streams can get into our food by an indirect process. That 
process begins with plankton and other small water organisms. 
To obtain food, these small organisms filter large amounts of water 
through their bodies. Any heavy metal compounds in the filtered 
water remain in the organisms along with their food. 

These small organisms are food for small fish in the lakes and 
streams. Each small fish eats many such organisms every day. If 
the organisms are contaminated, the fish will also become contami- 
nated. The heavy metal compounds that were in the organisms 
will build up in the tissue of the fish. 

Small fish, in turn, are eaten by larger fish. If the larger fish con- 
tinue to eat contaminated small fish, more and more of the heavy 
metal compounds will be concentrated in their bodies. These larger 
fish may then be eaten by even larger ones which have eaten other 
contaminated fish. Eventually a fisherman could catch one of those 
larger fish. But let’s hope it doesn’t get to the dinner table. 

In 1971, swordfish, which are quite large, were removed from 
the market because they contained too high a concentration of 
mercury compounds. About one half part (measured as mercury) 
per million parts of body weight is considered safe. 

Fish and seafood (as well as poultry and beef) also contain pes- 
ticides, notably DDT that has been sprayed over forests and fields. 
These compounds become concentrated in the foods we eat, much 
in the same way as the heavy metal compounds become concen- 
trated in fish. Grazing cattle eat DDT sprayed on the field, along 
with the grass. DDT is deposited in the fat of humans and animals. 
In one study of 800 Americans, an average of 12 parts per million 
was found in their body fat. But in New Delhi, India, where much 
DDT has been sprayed to control malaria-causing mosquitoes, an 
average of 26 parts per million has been found. So far, however, 
no illnesses recognized as caused by pesticides in food have been 
reported. 
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19:14 (1) The gardener sprays DDT 
around the bush, killing the bugs. (2) A 
bug falls into the inlet where it is eaten 
by a fish. (3) The fish is eaten by a water 
bird. (4) The bird builds a nest near the 
inlet and eats other fish that contain 
DDT. (5) The bird lays an egg. (6) The 
egg shell does not contain enough 
calcium and breaks before a baby bird 
can develop. 
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Effects on environment 

The build-up of pesticides and other chemicals in lakes and streams 
is disturbing the natural balance in the environment. Birds of prey, 
especially those that feed on fish, have suffered. In some way, DDT 
and similar pesticides seem to change the body chemistry of these 
birds so that less calcium is in their eggshells. This causes the shells 
to be thin and break before young birds can be hatched. In parts 
of southern California where large amounts of DDT have been 
sprayed on farmlands, brown pelicans and double-crested cormo- 
rants (a kind of sea bird) are unable to reproduce. 

Industry adds to the disturbance of the balance in nature. Each 
type of chemical industry adds its own kind of pollution to lakes 
and streams. One paper mill can discharge as much as 14 tons of 
solid material each day. One steel mill can pour out organic mat- 
ter in one day equal to the sewage from a city of 300,000 people. 
And oil refineries, too, pour out organic wastes into our streams 
and rivers. 

Discharge of such wastes plus sewage from cities kill fish and 
make waters unsuitable for recreation. But another serious prob- 
lem is involved. Aging of lakes, a process called eutrophication, is 
speeded up. Phosphorus in detergents and nitrogen from fertilizers 
and human wastes are accused of helping to do this. 





a" 


Lakes age naturally because organic matter and mud are washed 
into them by streams. As the organic matter decays, it reacts with 
oxygen and also supplies nutrients for algae, which are very hardy 
plants that grow in water. Then as the algae continue to grow, die, 
and decay, they react with more oxygen. Fish and other animals 
that live in the water die from lack of oxygen and they, too, decay. 
Eventually the lake is filled with mud and other material and be- 
comes a swamp. Thousands of years are required for this process 
to occur naturally. Lake Erie, which is highly polluted, is said to 
have aged as much in the last 50 years as it would have naturally 
in 15,000 years. 

Ocean waters, too, are affected by pollution. Here, oil spills are 
a main offender. In 1970, Thor Heyerdahl, a Norwegian explorer, 
reported that he saw in mid-ocean a 1,400-mile stretch of water 
where thousands of lumps of asphalt-like oil floated. These lumps 
remain after the rest of the petroleum has evaporated. 

Oil spills also smear our ocean beaches. Many birds are killed 
because their feathers become oil-soaked and they cannot fly. In 
a single accident, as many as 200,000 were killed when the Torrey 
Canyon ran aground off the coast of England in 1967. It spilled about 
120,000 tons of oil. 

Our air contains chemicals from pollution, too. Burning of gaso- 
line, coal, and oil releases carbon monoxide (CO), sulfur dioxide 
(SO,), nitrogen oxides, hydrocarbons, and carbon particles seen 
as dark smoke. 


19-15 Awater bird swimming through 
an oil spill. 
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19-16 Sydney, Australia, also has 
smog 
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In the presence of sunlight, these chemicals react with each other 


to cause smog. Then if an air inversion takes place (a layer of cool 
air forming a lid over warm air near the ground) a phenomenon 
called synergism can cause a disaster. In this case synergism means 
that the effects of two pollutants in contact with each other can be 
more harmful than the sum of the effects of each alone. 

Another kind of smog is produced when bright sunlight causes 
nitrogen oxides and hydrocarbons to react. They form products 
which then react with oxygen to form ozone (O3), a chemical that 
is very irritating to the nose and throat. This type of smog, called 
photochemical smog, also contains another irritating chemical, 
labeled PAN. It is also formed by a reaction of nitrogen oxide and 
a hydrocarbon. 

In addition to smog-forming chemicals, automobile exhaust con- 
tains volatile lead compounds. Each gallon of leaded gasoline 
contains about 2 grams of lead in the form of tetraethyl lead or 
tetramethyl lead. These chemicals make the car run more quietly, 
and, as gasoline is burned, the lead it contains is discharged to 
the air. People breathe the lead and absorb it through their lungs. 
Lead is poisonous. And it is not yet known how it is affecting peo- 
ple who live in the downtown sections of cities or alongside heavily 
traveled highways in some large cities. 





Encouraging trends 

An obvious way to reduce lead in our air is to use gasolines with- 
out lead. Some are already on the market and more are on the way. 
But a complete changeover would be very expensive. Other sug- 
gested solutions include improved public transportation systems, 
outlawing the use of private automobiles in the center city, the 
use of bicycles for transportation over short distances, more walk- 
ing, and improvement or replacement of the internal combustion 
engine. 


Trends in other kinds of pollution control are encouraging, too. 
People are beginning to realize that their planet, Earth, is not a 
huge garbage can. Some are even wondering if we need all the 
conveniences we have. For instance, do we need throwaway bev- 
erage cans and bottles? 





19-17 Students cleaning up a 
polluted area. 


Chemists also are aware of pollution. They are searching for 
methods of solving pollution problems caused by the growth of 
their industry and by population increases. And the chemical in- 
dustry as a whole has become pollution-conscious. It has reduced 
sharply the amount of mercury reaching lakes and streams and 
has developed processes for removing sulfur oxides and carbon 
particles from smoke. 

Substitutes for phosphates in detergents are being tested. Two 
methods of cleaning oil spills show promise. Most promising of 
all is that the United States government is taking action. It has 
established a large agency, the Environmental Protection Agency, 

19°18 Throne of the Third Heaven of to protect the environment. It is up to the citizens of the United 


the National Millennium General : : : : 
cemibhy oyianics GamoromnTnio werk States to see that this agency performs the job for which it was 


is made of discarded objects covered established. 
with aluminum foil 


ees 


Ye 
: ¥ 9 H 


* 








a 











The Good 
Old Way 





? 





A thought and discussion question 


Our present way of life is very costly in terms of damage to the 
natural environment. Many people are looking for ways to reduce 
this cost. They feel that we are ruining an environment which is 
necessary for our survival. 

Some students of the environment have suggested that all of our 
problems are due to the spread of technology. One noted biologist 
has suggested that we return to a simpler way of life—one in which 
we discard many of the products of modern technology. 

Since most modern technology is indeed chemical technology, 
this might be a good place to think about that biologist’s sugges- 
tions. Let’s look at a few of the changes that have taken place in 
the United States over a span of 100 years. 

In 1870 the United States was an agricultural nation with a popu- 
lation of about 38.5 million. Almost 75 percent of those people lived 
in rural areas. In 1970 the United States was an industrial nation 
with a population of over 203 million. And 65 percent of the people 
lived in the large metropolitan areas that surround our cities. 

The change from agricultural to industrial nation has been most 
obvious down on the farm. For instance, the farmers of 1870 used 
a plow, cultivator, reaper, scythe, and hoe to farm their land. They 
built their own farm buildings and fences out of the wood they 
cut down to clear the land. And they raised the horses and mules 
with which they worked the land. 

Farming stayed about the same until 1920. But the number of 
acres being farmed rose steadily. The average yields per acre were 
about the same as they had been in the early 1800's. 

Mechanization hit the farms in the late 1920’s with the inven- 
tion of the general-purpose tractor. That was followed by the in- 
troduction of corn hybrids that increased corn yields by 20 to 25 
percent. The number of work-hours spent in farming fell from 23 
billion in 1930 to 15 billion by 1950. 

But there was really very little change in farming practices until 
1950. Crops were rotated on a three-year schedule—corn, oats, 
clover, and back to corn. The corn was planted without fertilizer in 
40-inch rows. It was necessary to plant 10,000 seeds on an acre of 
land to yield 38 bushels of corn. 
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19-19 Crop being sprayed from an 
airplane. 
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Chemical technology took over the farm just after World War II. 
New fertilizers were developed. Herbicides, compounds that would 
kill the weeds and leave the crops unharmed, were discovered. 
The insecticides used to protect our military people from insect-- 
borne diseases in the tropics were modified. So many farms were 
mechanized that the Agricultural Census stopped counting horses 
and mules. The farm was now a part of the age of technology. 
Today corn crops are seldom rotated. Instead, 150 pounds of 
nitrogen fertilizer are applied to each acre of soil. Then 25,000 seeds 
are planted in 20-inch rows. Weeds are controlled by spraying the 


fields with herbicides. And insects are eliminated by spraying the 
fields with insecticides. 

The average yield is now 90 to 100 bushels an acre. The farmer 
who used to plant 35 out of each 100 acres to get 1250 bushels of 
corn in 1950, now plants the entire 100 acres and gets 9000 to 10,000 
bushels of corn! 

The same sort of thing has happened to the other farm crops. 
The yield of wheat has doubled since 1930, and new hybrids prom- 
ise another 25 percent rise. And the yield of cotton has tripled. 

A good part of the damage to the natural environment is caused 
by the nitrogen fertilizers, the herbicides, and the insecticides used 
by modern farmers. It is thus very tempting to suggest that the 
use of these chemicals be outlawed. If this were to happen, farmers 
would have to return to the farming methods of the late 1930's. 


The yields of their crops would also return to those of the 1930's, 
although hybrid seeds that have been developed since then might 
raise the yields somewhat. 

In the late 1930’s the United States had a population of about 
130 million. Though the farmers of that time had to feed only two- 
thirds as many people, they had to plant more acres of each crop. 
Their yields per acre were smaller. 

Today, if farmers were to plant the same number of acres, using 
the best hybrid seeds without modern chemical methods, they 
would harvest 12 percent less corn and 25 percent less wheat than 
they now do. The yields of all other crops, from fruits and vege- 
tables to cotton and flax, would also drop. 

If the use of fertilizers, herbicides, and insecticides were out- 
lawed, how would you be affected? What would happen to the 
food for sale at the local grocery? Would the United States still have 
enough food to export to other parts of the world? Would we have 
to import food in large quantities? If so, would the food be available 
for import? And would we be able to import it? 

How might the return to old farming methods affect what you 
wear? In what ways could it affect your life style? your place of 
residence? your family’s source of income? 

Would a return to the old methods of farming improve the en- 
vironment of the United States? Do you think this is an acceptable 
solution to our problems of environmental pollution? If it is not 
acceptable, what alternatives can you suggest? Think about it. 


If you would like to read more about this subject, look up the following 
topics in The Readers’ Guide to Periodical Literature, in your library 
card catalog, or in an encyclopedia: 


agriculture fertilizers 

clover herbicides 

corn hybrids 

crop rotation insecticides 

farm, equipment oats 
mechanization of population growth 
modern tractors 


nineteenth century 
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Appendix A: The Metric System 


Our system of weights and measures goes 
back thousands of years. It mirrors the variety 
of measurements used over that time. So our 
system has many terms, some of which have 
more than one value. 

An inch was 3 barleycorns laid end to end, 
or the length of a thumb joint. A foot was the 
length of a soldier’s boot, with about 12 inches 
to a foot. A cubit was the length of the arm 
from elbow to fingertip. And two cubits was a 
yard or about 3 feet. 

A mile was 1000 paces of 2 steps, or 5000 
feet, before it became 5280 feet, or 1760 yards. 

One grain was a grain of wheat. One pound 
was 7000 grains. Quite a few units to memorize! 

The Metric System of Weights and Measures 
was developed about 200 years ago. It is now 
the international standard for weights and 
measures used by most people in the world. 

In fact, the U.S. is the last big nation not 
using metric units in everyday life. But the 
situation is changing. The next time you are 
at the grocery store, notice the number of 
items labeled in both ounces and grams. 

Have a new bike? Many of the parts are 
probably in metric units. And what about all 
those American cars sold overseas? Every 
last measurement is metric. There is little 
doubt that within your lifetime everyone in 
the U.S. will need to “think metric.” 

The metric system is easy to use. It is based 
on the unit of 10. And you need to remember 
only two main things: 


(1) There are three basic terms: meter for 
length, liter for volume, and gram for mass. 

(2) The prefixes used with each basic term 
tell you where to put the decimal point. 





Prefixes and their values: 
kilo (ki” 9) 
hecto (hek/ ta) 
deka (dek/ 9) 


basic terms: gram = 1; meter = 1; liter = 1 


4 

(10)1.00) 
01 

(100)1.00) 


001 


(1000)1.000) 


deci (des/9)"" 1/1070 O11 


centi (sen/ ta) 1/100 or 0.01 


milli (mi¥ a) 1/1000 or 0.001 


You can use the data in CHART J in the 
following way: Find the word “meter.” Remem- 
ber that the meter is the basic metric unit of 
length. It is given the value of 1. A kilometer 
is 1000 times greater in value than a meter. A 
decimeter would be 1/10 the size of a meter. 

A centimeter would be 1/100 the size of a meter. 
And a millimeter would be 1/1000 the size of a 
meter. 

Therefore, if a distance is one kilometer, 
you know that it is 1000 meters (10 x 10 x 10), 
or 100,000 centimeters (10 x 10 x 10 x 10 x 10), 
or 1,000,000 millimeters (10 x 10 x 10 x 10 x 
10 x 10). 

If you have 53 centimeters, you know that 
you have 10 X 53 or 530 millimeters, and 0.01 x 
5o,0n ULoogumetens: 

Enough on meters. When you use grams in 
the metric system, it is important to remember 
you are talking about something’s mass. The 
mass of an object is different from what is 
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meant by an object’s weight. For example, 
think of mass as a mule. 

The mule is a stubborn animal and often 
resists a person’s attempts to make it move. To 
overcome the mule’s resistance, it is necessary 
to pull hard. In this respect all objects act like 
a mule. When they are at rest, they resist 
attempts to make them move. When they are 
moving, they resist attempts to speed them up, 
slow them down, or make them turn. 

The ‘‘stubbornness” of an object to resist 
any change in motion is called its mass. The 
more mass an object has, the harder you have 
to push it or pull it to change its motion. 

Weight is closely related to mass. Weight is a 
measure of the pull of gravity on the mass of 
an object. Since the pull of gravity changes 
from place to place, the weight of an object 
changes from place to place. But, the mass 
would remain the same. 

However, the differences in the pull of 
gravity over earth’s surface are too small to 
worry about. So, we often equate mass (grams 
—kilograms) with weight (ounces—pounds) in 
everyday use. 

In science, the difference between what 
is meant by an object’s mass and its weight 
is important. In this program, an object’s 
mass will be expressed in grams and kilograms. 

(Note: There will be more on mass and 
weight in the Motion Unit.) 

That brings us to liters. A liter is the basic 
metric measure of volume—or the space some- 
thing takes up. In this program, volumes are 
measured in 1/1000’s of a liter, or milliliters. 

The milliliter is the metric unit which is 
used to show how length, mass, and volume 
units are related to each other in the metric 
system. For example, 1 milliliter of a liquid 
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will fill a cube that is 1 centimeter long in each 

direction. Or 1 milliliter is equal to 1 cubic 

centimeter. If that milliliter is a cubic centimeter 

of water at 4°Celsius, it will have a mass of 1 gram. 
CHART II will help you make changes from 

one system to another. CHART III will help 

you with abbreviations used in your lab work 

and readings. 


Practice Problems in Using the Metric System 
1. Acan of peaches from the store has a mass 
of 543 grams. How many kilograms is it? 
How many milligrams is it? How many 
pounds is it? 


2. A liter is defined as one cubic decimeter 
(or the volume of a box one decimeter on 
each side). How many cubic centimeters 
are in one cubic decimeter? If 1 cubic centi- 
meter of water equals 1 gram, how much 
mass does one liter of water have? 


3. Every four years we have an opportunity 
to watch the Olympic Games on television. 
The events that the athletes compete in are 
measured in metric distances. Figure out 
the distances in yards and feet for the follow- 
ing events: 100-meter backstroke, 400- 
meter hurdles, 1000-meter speed skating, 
and a 20,000-meter race. 


4. Potatoes are often sold in 10-pound sacks. 
How many kilograms of potatoes is this? 


5. One well-known German car takes 10.6 
gallons of gas and 5.3 pints of oil. These 
volumes are sometimes difficult for us to 
use because they are not whole numbers. 
However, Germany is a metric country. 
How many liters are in 10.6 gallons? How 
many liters are in 5.3 pints? 








Chart Il 
Approximate conversions from U.S. to metric and vice versa. 


WHEN YOU KNOW: YOU CAN FIND: IF YOU MULTIPLY BY: 


LENGTH inches 







millimeters 


































feet centimeters 
yards meters 
miles kilometers 
millimeters inches 
centimeters inches 
meters yards 


kilometers miles 













MASS ounces grams 
pounds kilograms 
grams ounces 





kilograms pounds 


































LIQUID ounces milliliters 

VOLUME pints liters 
quarts liters 
gallons liters 
milliliters ounces 
liters pints 
liters quarts 
liters gallons 






Dodge News Magazine: Chrysler Motors Corp. 


Chart III 


Abbreviations for units most often used in this program: 


meter (m kilometer (km) 
centimeter Ae kilogram (kg) 
millimeter (mm) milliliter (ml) 


cubic centimeter (cc) 
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Appendix B: Answers to TEST YOURSELF 
Questions 


Light Unit 2. Green. The pure green opaque surface reflects 
only the green part of the spectrum. Since only 
TEST YOURSELF (p. 10) green is available to be reflected, that’s what 
1. Red, orange, yellow, green, blue, indigo, and you see. All the light received by the plant, 
violet. which is green only, is reflected back. There- 
2. Aprism anda diffraction grating. fore, none is absorbed to be used to manufac- 
ture chlorophyll. 
clrey nen Pee! 3. Yellow paint reflects red and green light and 
red—sored=—=<“‘(éS © Dd AM TEU absorbs blue. Cyan paint reflects blue and 
green green Ea bated nib: green light and absorbs red. Therefore, a 
blue blue red and green mixture of the two would reflect only green 
yellow red, green, yellow blue in white light. 
cyan blue and green red 4. Magenta (red-blue) reflects red and blue and 
magenta blue and red green absorbs green. Cyan (blue-green) reflects 
4, (a) Red and yellow filters will pass RED. a He asta sere 


(b) Cyan and green filters will pass GREEN. 

(c) Blue and yellow filters will pass NONE. 
(Blue blocks those spectrum colors the yellow 
filter doesn’t block; the result is no color 
passes.) 

(d) Blue and green filters will pass NONE. 

(e) Magenta and red filters will pass RED. 

(f) Magenta and yellow filters will pass RED. 
(Note in figure 1-1 that magenta does not 
pass the spectrum color yellow.) 


TEST VOUR SIBLE (may) 
(a) When a pure green beam overlaps a pure 
blue beam of light on a white surface, you see 
cyan (blue-green). 
(b) When a pure green beam overlaps a pure 
red beam on a white surface, you see yellow. 
(c) When a pure blue beam overlaps a pure 
red beam on a white surface, you see magenta 
(red-blue). 


5. Using the table from question 3 or figure 1-2, 2. Awhite area. 
you can see that the two filters in combination 
that block all the colors of the spectrum are 
(a) blue and green, (b) red and blue, and (c) 
red and green. 


3. Apure red beam mixed with a pure blue beam 
produces magenta. A blue opaque surface 
reflects blue light and absorbs red light. Only 
the blue light in the magenta beam is reflected. 


TEST YOURSELF (p. 15) You would see blue. 
1. The yellow reflects the red and green parts of 


the spectrum. Since only red is available to be 
reflected, that’s what you see. 
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PESTVOURSELE (pha) 
1. Inall directions. You can see him or her from 
any part of the room. 


2. Normalis the line drawn perpendicular to the 
surface of a mirror. This line is drawn at a 
point where a ray of light hits the mirror. It is 
used to compare the angle of incidence with 
the angle of reflection. 


3.(a) Green is 50°; red is 60°. (b) They are equal. 


TEST YOURSEEE (9740) 

1. No. You can’t twist your hands that way. The 
reflection of your left hand in a flat mirror 
looks just like your right hand. 


2.(a) It will always appear the same size because 
a flat mirror does not magnify or reduce the size 
of a virtual image. 

(b) It will appear to be an equal distance inside 
the mirror as the object is in front of it. 

(c) No. If you could stand where your image 

is in a mirror, the image’s right hand ts directly 
opposite your own real left hand. You are facing 
your image. Such an image of yourself is 
possible to see in a flat mirror because of the 

law of reflection. 





£{>\. image 
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TEST YOURSELF (p. 46) 
1. Aninwardly curved surface ts called concave. 


2. The three kinds of images you can see ina 
concave mirror are: 
(a) A larger than life-size image of your face, 
right-side-up, when you are close to the 
mirror. 
(b) A blur of color when you are farther away. 
(c) An up-side down image of your face when 
you are even farther away. 


3. Yes. It works as if a concave mirror were made 
up of many small flat mirrors in a curved line. 


4. Light beams parallel to the center line of a 
mirror, after striking the concave surface of 
that mirror, are reflected back and cross at a 
certain distance in front of the mirror. The 
point where the parallel rays cross is called 
the focal point. 


5. The distance from the center of a curved 
mirror to its focal point is called the focal 
length. 


6. Light beams shining through a focal point 
toward the concave mirror surface will be 
reflected and travel parallel to the center line 
of the mirror. 


TEST YOURSELF (p. 49) 
1. Arealimage (upside-down image). 


2. Avirtual image and larger than life-size. 


3. The object will appear blurred if it is exactly 
one focal length from the center of the concave 
mirror. 


4. (a) Light rays striking a mirror parallel to the 
center line of the mirror will be reflected and 
meet at the focal point of a concave mirror. 
(b) Light rays that pass through the focal 
point before hitting the concave mirror will 
be reflected parallel to the center line of the 
mirror. 


5. (a) If the object is placed between one and two 
focal lengths in front of a concave mirror— 
its real image is larger than life size, is upside 
down, and is located over two focal lengths 
from the mirror. 
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(b) If the object is placed at two focal lengths 
in front of a concave mirror—its real image is 
still upside-down but its size is life-size and it 
is located also at two focal lengths. 

(c) If the object is placed at a distance a little 
farther than two focal lengths from a concave 
mirror—its real image gets smaller than it 
was at one focal length and is still upside- 
down. The image is now between one and two 
focal lengths from the mirror. 

(d) If the object is noticeably farther than two 
focal lengths from the concave mirror, the 
image will be very small, upside-down, and 
about one focal length from the mirror. 


TEST YOURSELF (p37) 
1. Larger.... if the image is at the same dis- 
tance as it was originally. 


2. Smaller... . if the object remains at the orig- 
inal distance from the pinhole. 


3. Less bright... . less light on more area. 


4, It changes the size and sharpness of the image. 
If the hole is larger, the size of the image 
becomes larger and blurred. 


D: height of image height of house 





distance from pinhole ~ distance from pinhole 


? 
Shes 339 = ; 
3G 3? =36 House is 12 meters tall. 


TESTRYOURSELE (a7) 
1. Angle of incidence is the angle between the 


incident (entering) ray of light and the normal. 


Angle of refraction is the angle between 
refracted (bent) ray of light and the normal. 


(a) Your diagram should look like the one in 
figure 4:1 where a narrow light beam enters 
glass block. The light beam is not bent. 

(b) The angle of incidence should appear to be 
a little farther from the normal than the angle 
of incidence seen in figure 4-2. The line you 
drew to show the light has been refracted 
should appear to be a little farther from the 
normal than what you see in figure 4-2. 


—) 


Light enters each of these substances at a 4, 


45° angle, so your diagram should show: 
(a) The glass block (index of refraction = 
1.53) bends light toward the normal. 

(b) The quartz block (index of refraction = 
1.46) bends light toward the normal but less 
than the glass block. 

(c) The box of water (index of refraction = 
1.33) bends light toward the normal but less 
than the quartz block and the glass block. 


Your diagram should show the light bending 
sharply toward the normal, as it goes from 
the air (index of refraction =1) into the glass 


(1.53). Then as the light beam travels from 5. 


glass (1.53) into the quartz (1.46), it should 
bend slightly away from the normal. Then as 
the light beam goes from the quartz (1.46) 

into the water (1.33), it should also bend 
slightly away from the normal. Note that as 
light travels from a substance with a low index 
of refraction to one with a high index of 
refraction, it is bent toward the normal. As 
light travels from a substance with a high 
index of refraction to one with a lower index 


of refraction, it is bent away from the normal. 1. 


TEST VYOURSELE (79) 


Hf, 


A double-convex lens has both sides curving 


out. Such lenses are often used for magnifying 2. 


glasses and cameras. 


A double-convex lens brings beams, which 3. 


strike its surface parallel to each other, 
together at the focal point. 


Two—one on either side of the lens. Light 4. 


can pass through the lens from either side. 


Light beams that go through the exact center 
of the double-convex lens, at any angle, are 
not bent. 


TEST YOURSELF (p. 84) 


ie 
23 
ey 


Real 
Virtual 


The real image formed by a double-convex 

lens is upside-down and reversed. The virtual 
image formed is right-side-up and not reversed. 
You can only catch a real image ona card. 


(a) Object very far from lens: a small, upside- 
down, real image at the focal point behind the 
lens. 

(b) Object two focal lengths from lens: life- 
size real image, upside-down, reversed, at 
two focal lengths behind the lens. 

(c).:Object between one and two focal lengths 
from lens: real image larger, upside-down, 
reversed, at more than two focal lengths 
behind the lens. 

(d) Object less than one focal length from 
lens: larger than life-size, virtual image, at 
more than two focal lengths in front of the lens. 


(a) Compare your answer with figure 4:17, 
page 81. 

(b) Compare your answer with figure 4:18, 
page §1. . 

(c) Compare your answer with figure 4:19, 
page 81. 

(d) Compare your answer with figure 4:21, 
page 82. 


TES IBY OURS ELE (99) 


The flash from a camera light bulb is intense 
close up. It’s too weak to light up an object at 
any great distance. 


Smaller. The light intensity gets less as distance 
from the light source increases. 


If distance is doubled, intensity drops by a 
factor of 4. (48 divided by 4 =12 is the 
intensity reading.) 


At 60 cm from the light source, you are three 
times as far as you would be at 20 cm. (Use 
table 2.) Intensity at near point, x, is to 
intensity at far point, 20, as (distance to far 
point)’, (60)*, is to (distance to near point)’, 
(20)5 


X 1s to 20 as 3600 is to 400 
X is to 20 as 36 is to 4 

X 1s to 20 as 9is to 1 

180 is to 20 as 9 is to 1 


Note that for each three-fold increase in distance, 
the intensity drops by a factor of nine. The reverse 
is also true. At 60 cm the meter reads 20 intensity 
units. At 20 cm the meter reads 180 intensity units. 
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Electricity 


DEO ley OURSELP (92129) 

1. (a) Anamp is the unit of measure for the 
number of coulombs streaming through a 
wire each second. (1 amp is equal to 1 coulomb 
per second.) 
(b) Electrical energy per coulomb is measured 
in units called volts. 


2. Acircuit is the complete path of electricity 
as it flows from the source, through an elec- 
tricity user, and back again. Materials which 
easily carry the electricity in a circuit are 
called conductors. Materials which do not 
conduct much electricity are called insulators. 
By acting as barriers to the flow of electricity, 
insulators help direct the flow of current. 


3. Anammeter is connected so that all the 
current in the circuit passes through it. A 
voltmeter is connected with one terminal on 
each side of a user of electrical energy. Only 
asmall part of the current passes through a 
voltmeter. 


4. The three devices will divide the total energy 
supplied by the battery. You can find the 
total amount of energy supplied by the 
battery by adding the amounts used by each 
device. The voltmeter at each device will show 
how much that device is using. 


5. Originally the dump truck carried 24 units of 
energy (volts) to bulb #1, and 9 units of energy 
(volts) to bulb #2. If the positions are reversed, 
the truck would be carrying 24 units to new 
bulb #1, and 21 units to bulb #2. 


DESISYVOURSELE (97138) 
1, The unit for electrical energy per second is the 
watt (amps X volts = watts). 


2. Samps X 120 volts = 600 watts (electrical 
energy per second). 


3. 1000 watts are in1 kilowatt. 


4. 3 hours x 7 days = 21 hours, 100 watts X 21 
hours = 2100 watt-hours or 2.1 kilowatt- 
hours (used in 7 days). 
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TEST YOURSELE (play 


de 


Divide the total number of volts by amps to 
find the electrical resistance of a circuit. 
volts 





ohms = 
amps 


120 volts 


a ; t 
10 amps 12 ohms (resistance of hot plate) 


The total amount of energy supplied is 9 volts 

xX 2=18 volts. (?) amps X 18 volts =36 watts 
amps = 2 

18 volts 


=9 ohms (resistance of phonograph) 
2 amps 


An appliance with high resistance uses less 
wattage than an appliance with low resistance 
because it allows less current (amps) to pass 
through over a certain period of time. 


(a) The resistance in ohms of each bulb was 
different. So only a certain amount of energy 
was allowed to pass through each bulb and be 
used. 

















(b) volts See 
amps 
Figure 6°12: Le =7.5 ohms; 
2 amps 
3 volt 6 volt. 
ee ae 1.5 ohms; ales) = 3.0 ohms. 
2 amps 2 amps 
7.5 volt 
Figure ie eee a ohms; 
2 amps 
1.5 volt 3 volt. 
sun = 0.75 ohms; ihe — OOM HIS! 
2 amps 2 amps 


TEST YOURSELE(gyi27) 


i 


In a series circuit, each coulomb of current 
goes through every part of the circuit. So the 
amperage is the same in all parts of the circuit. 
In a parallel circuit, the greatest number of 
amps takes the path of least resistance in 
ohms. Ina parallel circuit, each user of 
electricity is on a separate path. 


The amount of amps that pass through the 
house wires (a parallel circuit) to the plug 
increases if all appliances are being used at 
the same time. Excess amperage can overheat 
the wires and cause a fire. 


3. If the amperage through a circuit is greater 
than the fuse can carry, the wire in the fuse 
melts and the circuit is broken. The circuit 
breaker is an automatic switch. When the 
amperage goes beyond a certain level, a 
magnet in the switch pulls the contacts 
apart. 


4. The house wiring can get so hot it causes a 
fire. The penny allows more amperage through 
than should safely be carried. 


5. No. The batteries wired in series will supply 
18 volts to the radio. The batteries wired in 
parallel will supply only 9 volts. But in 
parallel, they will supply electrical energy over 
a longer period of time. 


TES VOURSEEE (7.1159) 

1. Amagnetic compass is really a type of bar 
magnet. It is set up so that it can rotate freely. 
For this reason it always lines up in the north- 
south direction of the closest and strongest 
magnetic field. 


2. The south-pointing part of a compass needle, 
which normally lines up in a north-south 
position with the magnetic field of earth, will 
be attracted by the N-pole of a bar magnet. 


3. North 


4. They move away from each other. That is, 
they are repelled. 


5. The compass needle moves away from or 
toward the wire. A current-carrying wire has 
a magnetic field which affects the compass 
needle. 


6. It moves according to the direction of the 
magnetic field in the center of the loop. 


7. It changes the direction the compass needle 
moves. 


LES Tey OURS ELE paigs) 

1. (a) Reverse the direction of the current through 
the coil. 
(b) Change the direction in which the coil is 
wound. 


If no current is traveling through the coil, the 
coil will have no magnetic field. 


You can place a compass at one end of the 

coil and notice the direction in which its N- 
pole points. Or you can use the left-hand 

rule. Locate where the electricity enters the 
coil. Put your left hand over the coil with your 
fingers pointing in the direction the current 

is moving. When your thumb is held out 
straight, it will point to the N-pole of the 
electromagnet. 


(a) Increase the number of coils. 

(b) Use a thicker iron core. 

(c) Increase the amount of current (amps) 
flowing through the coils. 


One with 50 coils and an iron core. 
One with 50 coils and an 8-amp current. 


An electric current is produced in the coil of 
wire, but only while the magnet is moving. 


WES YOURSEEE( 7 #197) 


I, 


An electromagnet mounted on a pivot between 
two permanent magnetic poles and held by a 
spring can be used as a meter. The electro- 
magnet moves a certain distance, depending 

on the amount of current flowing through the 
circuit. A pointer attached to the electromagnet 
shows the distance moved on a scale. 


The current flows through the armature 
making it an electromagnet. At each side of 
this electromagnet (armature) is a non-moving 
magnet. Each of these magnets attracts and 
repels poles of the armature, keeping it in 
motion. Meanwhile the split-ring commuta- 
tor acts as a reversing switch. It reverses the 
direction of the current. So the armature 
keeps rotating in one direction. The brushes 
bring current from the source (battery) to the 
split-ring commutator. The source of current 
(battery) supplies the energy. All parts must 
work together for the motor to turn. 
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TEST YOURSELT (peop) 

1. Horsepower is a unit for measuring the rate 
at which a motor uses energy. Horsepower ts 
similar in meaning to watts. 


2. Rotate the electromagnet (armature) in the 
motor by hand while the brushes are attached 
to an ammeter instead of a battery. As the 
armature rotates in the magnetic field, the 
field strength within the armature should 
change. The faster the coil is rotated, the 
greater will be the change and the more 
electricity generated. 


3. The amount of power put out by the generator 
will increase. 


Motion 


TEST YOURSELF (p2224) 

1. (a) The way it starts moving, the way it goes, 
and the way it stops. Or whoosh (speed) and 
thud (start and stop). 

(b) The speed of an object equals the distance 
it moved divided by the time it took. 


__ distance traveled 





2. Speed 
P time interval 


_2km 
0.5 hr 
=4 km/hr (This is her average speed. 
It is also her speed at 3:15 since she was 
walking at an unchanging rate.) 





__ distance traveled a ae 
mont 





3. Speed=— ; 
time interval 


1.33 km/hr 


TEST MOURSELP (97230) 

1. The mass of an object does not change. Weight 
is a measure of the pull of gravity on an object. 
Weight changes according to the size of the 
object attracting another object, and according 
to the distance between the objects. 


2. (a) Lift both balls and relate which one seems 
to have a greater strain on your arms. (b) Try 
to stop both balls when they are moving at the 
same speed. 
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3. (a) Two red wagons: Both methods could be 
used, but the strain method would be safer 
and easier. Two people could stand at the top 
of aslightly sloping hill and let go of both 
wagons at the same time. Both wagons would 
come down together at the same speed. Stop- 
ping them might be unsafe. Trying to lift both 
wagons would give you an idea of the strain 
on each arm. 

(b) Two sacks of mail: The strain method would 
be easier to use. Both sacks of mail would be 
lifted and the strain on each arm compared. 
(c) Two grand pianos on wheels: The thud 
method would be easier. You could compare 
how hard tt is to start each one moving. 

(d) Two small children on roller skates: The 
thud method might be easier. Both skaters 
start at the top of asmall rise in the sidewalk 
and glide down at the same speed. You could 
compare how hard tt is to stop them. 


4. One gram is the mass of one cubic centimeter 
of water at a temperature of 4° Celsius. 


5. One kilogram is a thousand-gram mass. It has 
become the international standard mass. 


6. Itis more convenient to measure the following 
in these units: (a) A pencil in grams, (b) 
yourself in kilograms, (c) a glass of water in 
grams, and (d) a tank of water in kilograms. 


TES TEVOURS EEE (pa 251) 

1. The momentum of an object is its mass 
multiplied by its speed. Mass X speed = 
momentum. 


2. Inanideal situation, no momentum is lost or 
gained. When the mass-times-the-speed of 
two objects involved is added, the results show 
no loss or gain in momentum. 


Assume ideal conditions: mass X speed = 
momentum. 

2400 kg x 50 km/hr =120,000 kg-km/hr 
2400 kg x 60 km/hr = 144,000 kg-km/hr 


4. Conservation of momentum is taking place. So 
the speed of the second ball is 17 m/sec after 
collision. Both balls have the same mass. 


5. Total momentum before collision 
CartA 2kg xX 0 m/sec=0 kg-m/sec 
CartB 3kg x3 m/sec =9 kg-m/sec 


9 kg-m/sec 
Total momentum after collision 
CartA 2kg x 4 m/sec=8 kg-m/sec 
CartB 3kg xX ? m/sec =? kg-m/sec 
9 kg-m/sec 
? kg-m/sec =1 kg-m/sec 
(momentum of Cart B after collision) 
3kg X ? m/sec=1 kg-m/sec 
1 kg-m/sec 
3 kg 
? m/sec =1/3 m/sec 


? m/sec = 


Speed of cart B after collision is 1/3 m/sec. 


Deo VOUS ELE (p. 257) 

1. Force is the push or pull needed to start some- 
thing moving, to change its speed or direction 
while it is moving, or to stop something in 
motion. 


2. The three factors are (a) the mass of the object, 


(b) how much of a change in speed is desired, 
and (c) the amount of time available to reach 
that certain speed. 


mass X change in speed 





3. Force= : : 
time interval 


TEST YOURSELF (p2259) 

1. (a) A force due to the engine ts acting. 
(b) The force of gravity is acting. 
(c) The force of gravity ts acting. 


mass X change in speed 
2 EOTGa— 8 P 





time interval 

_5kg X (9 m/sec —3 m/sec) 

le 12 sec 

_5kg xX 6 m/sec 

sm 12 sec 

_ 30 kgm 

12sec 
Force =2.5 newtons. 











= 2.5 kg-m/sec’ 


In the first case, the force of 3 newtons being 
used to pull the cart is measured. In the second 
case, the 25-newton force measured is that of 
the earth’s pull of gravity on the object. This 
measurement is the weight of the object. 


Vecsey OUR om pe o2) 


ue 


Friction is an opposing force that is caused by 
the rubbing of surfaces. 


Some possibilities are writing with a pencil, 
walking, stopping a bicycle, climbing stairs, 
tying a knot, climbing a tree. 


Some possibilities are in pushing a car, in 
running a motor, between moving parts of 
machinery, while roller skating (except when 
trying to stop). 


Friction can be reduced by (a) oiling one or 
both surfaces in contact, (b) making the shape 
of one object round—like a wheel. 


TEST YOURSELE(p #266) 


fib 


Three lengths for team A represent 1500 new- 
tons of force. Four lengths for team B represent 
2000 newtons of force. 


ee 


The scaffold and rope are exerting a force of 
900 newtons on the man. Three lengths are 
equal to that force on the force arrow pointing 
up. Gravity is exerting a force of 900 newtons 
on the man. Three lengths are equal to that 

on the force arrow pointing down. 
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3. There should be 11 lengths on the force arrow 2. (a) Pulleys that are lifted with the object are 
pointing down to represent 550 newtons. moving pulleys. The pulleys attached to the 
top beam are fixed pulleys. 
(b) Six 


3. More. The friction force is greater. The hooks 
rub against the rope as it is pulled instead of 
turning as a pulley does. 


TEST YOURSELF (p. 276) 
1. The force of gravity. 


2. The product of force times the distance through 
which the force acts: work = Force X distance. 


3. (a) According to the scientific definition, 
work has not been done. 
(b) Work is being done. An object is being 
moved over a distance. 
(c) Work is being done. An object is being 


Meh nace te ge moved over a distance. 


1. In figure 10:22 each section on each of the 


force arrows represents 100 newtons of force. 4. If work = Force X distance, then work =75 N Xx 
In each situation, a 500-newton force is acting 5 m. Work =375 Nem. (The force is the force 
straight upward to oppose the downward pull of gravity on the block, or its weight.) 


of gravity on the box which weighs 500 new- 
tons. By the way, notice that the total of the 
smaller forces is greater than the upward 
force exerted in each of the cases shown. Also 
notice that the amount of the smaller forces 


5. If work = Force X distance, then 30 N-m of 
work have been done. 


TESTRVOURS ELE 272) 











needed to maintain the same upward force ae pamues of Bs ee neag 
increases as the angle between them increases. supporting ropes force applied at free end 
When the angle between them reaches 120°, 5 _ 2500 N- 7 500. 
each of the ‘smaller’ forces is the same as the Cars 
upward force. Force applied at free end =500 newtons 

2. When you hang with your arms straight up, distance force applied 
the force on each arm is equal to half your (b) Number of = at free end 
weight. As you separate your arms, the up- supporting ropes distance weight raised 
ward forces exerted by your arms are acting nASMsiats- 
at an angle to the ee of gravity = 4m’ 20 m of rope was pulled. 
on your body. Therefore, the farther apart (c) Work = Force X distance 
you place your arms, the more effort each =500 N X20 m=10,000 Nem 


arm must exert. (Note figure 10°22 fora 
force-arrow diagram of forces acting at 
several angles.) 


(d) Work = Force X distance 
= 2500 N Xx 4m=10,000 N-m 


TEST YOURSELE (97274) 

1. The pull exerted is multiplied by the number 
of ropes used. The force on each rope is the 
same as the force on the end being pulled. 
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ae 


2. (a) 







moving 
pulleys- 


(b) Six 
(c) Unknown: work output 
Facts: 6 uplifting ropes were used. 
18 meters was the distance the force 
was applied at the free end. 
1400 newtons ts the weight of the 
load to be lifted. 





Number of __ distance force applied 
supporting ropes distance weight raised 
6 eae ; Distance weight raised =3 m. 


Work output = Force X distance lifted 
=1400 N X¥3 m=4200 N-m 


IS, 





(P)-Butleys 





(b) Only 10 uplifting ropes. The 11th only 
changes the direction of the pull. 
(c) 5 fixed pulleys 

(d) 5 moving pulleys 


PE oly OURS ELEN 202) 
iE. 







long arm short arm 


2. Work input = work output 
Force applied to long end X distance long 
end moves = weight lifted x distance 


weight lifted: 

?X3m=60NX2m 

5 _120N-m 
3m 


Force applied to long end =40 N 


3. Force X distance = Force X distance 
(input) (output) 
¢xX15m=s00N X05 m 
Force = 166N (weight needed at end of 


long arm to balance the 500 N at the end of the 
short arm) 


TEST YOURSELE (02285) 
1. Aninclined plane is a flat surface used as a 
ramp or placed at an angle to another surface. 


weight  _ distance 
of object lifted 
=200N xX 1m=200N-m 
(b) Work input = work output =200 N-m 
(c) Force X distance = work input 
oO Ite ZOO IN 271 
You must apply 66 2/3 N force. 


2. (a) Work output = 


3. Force X distance = Force X distance 
(input) (output) 
?X4.5m=1350NX1.5m 
? =450 N Force 


4. Force X distance = Force X distance 


(output) (input) 
2 xX 2m =550NX6m 
2? +=1650N 


The motor can haul a maximum weight of 1650 N. 
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TEST YOURSELE 2200) 
1. Mechanical Force output 18N_ 6 
advantage  Forceinput 3N 1 
=6tol 








2. Mechanical advantage of 5 to 1. 


3. Mechanical _ distance force is applied 


advantage distance weight is lifted 


sae ae 
=> —_ = oO 
2m 





TES EY OURSELF (9.239) 
1. (a) Work output=1700 Nem 
(b) Work input = 2000 N-m 


hae actual work output 
(EEE actual work input 
1700 N-m 
~ 2000 N-m 
17 divided by 20= 85% (efficiency of the | 
pulley) 
2. (a) Actual work input is 500 N X 18 m= 
9000 N-m. 


Actual work output is 4000 N xX 2m= 
8000 N-m. 





8000 N-m 
Effici = eee ath, 
fficiency eiinNae % 
(b) 1000 N:m of work, or 11%, were lost to 
friction. 


3. Work output =600 N x 2m=1200 N-m 
Work input =150 N xX 10m=1500 N-m 


2 
Efficiency = 7500 N-m = 80% 


TESl YOURSELE (93302) 
1. (a) The diver weighs 500 N and is on a platform 
10 m high. Work = Force X distance 
= 500 N xX 10 m=5000 N-m 
(b) The skier weighs 600 N and is on a hill 
400 m high. 
Work = 600 N X 400 m = 240,000 N-m 


(c) The roller coaster weighs 24,000 N and is 
on top of a 30-m hill. 
Work = 24,000 N X 30 m = 720,000 N-m 


2. The ability to do work or the ability of some- 
thing to move itself or some other object. 
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3. Light, electricity, and motion. 


TES mVOURSELE( I 1304) 
1. Newtons. 


2. Force changes the speed of the object. 


3. Near the earth's surface, the pull of the 
earth’s gravity on an object stays about the 
same. If the object gets far away from earth's 
surface, the pull of the earth’s gravity becomes 
less. 


4, “The gravity force field of the earth” is the 
area on and around the earth in whicha 
gravity force is exerted on an object. 


5. You are applying a force equal to andina 
direction opposite that of earth’s gravity. 


6. (a) A force was applied over a distance. 
Therefore, work was done on the nail by you. 
(b) Your force had to-be equal and in an 
opposite direction to the magnetic field of the 
magnet before work was done. 


TESIMOURSEL EA Vas0a 

1. Potential energy is the amount of energy an 
object would have if it were set in motion. It is 
a measure of an object's possibility for motion. 


2. An object gets potential energy by being moved 
through a distance against a force field such as 
gravity. 


3. Force X distance = potential energy 
24NxX4m=96N-m 


4. Potential energy 


5. Motion would result. The rock would be pulled 
to the earth’s surface. The piece of iron would 
move toward the magnet. The north pole 
would move toward the south pole. 


6. Force X distance = potential energy 
850 N X 3 m= 2550 N-m 


TES WY OURSELE (9.309) 

1. Work= Force x distance 
40 NX 3m=120 N-m of work was done 
70 N X3m=210 N-m of work was done 


The 70-N package would have the most 
potential energy. 


Yes. The package with a mass of 7 kg was 
pulled by gravity with the same force per 
kilogram as the package with a mass of 4 kg. 
Thus each kilogram, no matter which package 
it was in, was pulled by the same force through 
the same distance. For this reason each kilo- 
gram of mass increased in speed at the same 
rate. So both packages hit the ground at the 
same time. 


The package weighing 40 N has a potential 
energy of 120 N-m. The package weighing 
70 N has a potential energy of 210 N-m. The 
package with the greater potential energy 
will hit the floor with more “‘oomph.”’ 


Gravity caused the same increase in speed for 
both boxes through the first 2 meters. But one 
box fell 3 meters more. Gravity continued to 
cause an increase in the speed of that box 
through those 3 meters. So that box will be 
moving faster when it hits the floor. 


Heat 
TEST YOURSELF (p. 331) 


Ir 


No. Temperature is a relative thing. To have 
meaning, it must be compared with something 
else. If a person is used to temperatures such 
as —30°C (—22°F), 15°C (59°F) might be con- 
sidered warm. 


How much they expand when heated or con- 
tract when cooled. 


It is easier to observe a temperature change 

in a liquid because a change in volume of a 
liquid is usually greater than that of a solid. 
The bulb at the bottom end of the thermometer 
is also important. The more liquid is in the 
bulb, the more expansion will be up the tube. 
The more expansion, the easier it is to read a 
change in temperature. 


TEST YOURSELF (p2333) 


the 


SS 


They are the melting point and the boiling 
point of pure water: 0°C (32°F) is the melting 
point; 100°C (212°F) is the boiling point. 


Melting points and boiling points of pure 
substances remain the same. A thermometer 
calibrated with the melting point and boiling 
point of a pure substance as reference points 
will be the same as any other thermometer 
calibrated with the melting point and boiling 
point of that substance. 


Use the enlarged C and F thermometer in 
figure 13-8. The temperatures are about 

99°F, 68°F, 158°F, and —40°F. You can also get 
these answers by using the conversion formula, 
Ota 


Use figure 13-8. The temperatures are about 
2) C43 C7 Grande Ey youcan glsaget 
these answers by using the conversion formula, 
ye —s 
C= 32 
Ss 





TEST YOURSELE (pn346) 


ke 


They conduct heat so slowly that they feel as 
if they don’t conduct heat at all. 


Liquid crystal thermal paint changes color 
with changes in temperature. The color 
changes across the surface of the object as the 
temperature changes. 


FESM@YOURS EER (paeo3) 


iL, 


Equilibrium temperature is the point at which no 
heat is supplied from one substance to another. 


A calorie is a unit of heat equal to the amount 
needed to raise the temperature of 1 gram of 
materi 


If it takes 1 calorie to raise 1 gram of water 
1°C, it takes 70 calories to raise 70 grams of 
water 1°C. The temperature of the water rose 
35°C. 70 calories per °C X 35°C = 2450 calories 
were supplied to the cool water. 


It takes 20 calories to raise 20 grams of water 
1°C. So 20 calories per °C X 7°C = 140 calories 
must be supplied. 
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It takes 150 calories to raise 150 grams of 
water 1°C. The temperature rose (54°C — 
AMCPI2DG: 150icalones:per® Cool? a 
1800 calories are needed. 


TEST VOURKRSELE (ies07) 


i 


928 


The heat capacity of copper is 0.09 calories 
per gram per °C. 
heat given up or gained 





Heat capacity = 
mass X temperature change 


? 
0.09 cal/gm/°C =—_—_—— 
GU ee in SoG 
0.09 cal/gm/°C X 12 gm X 5°C =5.4 calories 


The heat capacity of silver is 0.06 calories 
per gram per °C. 
heat given up or gained 





Heat capacity = 
peed ngss X temperature change 


0.06 cal/gm/°C= 





600 gm X 100°C 
Heat supplied to silver = 3600 calories 
The heat capacity of water is 1 calorie per 


gram per °C. The change in temperature of the 
a0 Cram mass of Watenisoo G70 G16 @ 


a 
Leallem| C2 
UIE ae rage 


Heat gained by water = 480 calories. 
The change in temperature of the unknown 
mass of water is 96°C — 36°C = 60°C. 


480 calories 
1 cal ‘c= ——_\£__"_ 
SES Sree 


1 cal/gm/°C X 60°C X ? = 480 calories 

> 480 calories 

~ 1 cal/gm/°C X 60°C 
_ 480 grams 
eco 


? =8 grams of water 
at 96°C 


? 


The heat capacity of water is 1 calorie per 
gram per °C. Thus it takes 50 calories to raise 
the temperature of 50 grams of water 1°C. The 
temperature of the water rose 5°C. It took 50 
calories per °C X 5°C = 250 calories to raise the 
temperature of the water. 


The heat capacity of lead is 0.03 calories per 
gram per °C. The temperature of the lead 


changed 75°C. 
52.200 calories 
0.03 cal/gm/°C = > 75°C 


0.03 cal/gm/°C X 75°C X ? = 250 calories 
? =111 grams of lead 


The heat capacity of silver is 0.06 calories 
per gram per °C. The temperature of the silver 
changed 45°C — 15°C —30°C. 


0.06 cal/gm/°C = 
WEEN Sa ak Sine 


? =540 calories 
The heat capacity of water is 1 calorie per 
gram per °C. The temperature of the water 
changed 27°C. 
-- 040 calories 
1 cal/gm/°C= > ITC 
? = 20 grams of water 


TEST YOURSELF (p. 380) 


80 calories is absorbed by each gram of 
ice when it melts. 


When a substance freezes or changes froma 
liquid state to a solid state, it gives off heat 
equal to its heat of fusion. 


Heat of vaporization is the amount of heat, 
in calories, needed to change 1 gram of a 
liquid to a gas. 


TEST YOURSELF (p. 385) 


dk. 


Solids and liquids: If there is no temperature 
change, a solid keeps its shape. If there is no 
temperature change, a liquid takes on the 
shape of its container. Liquids and gases: If 
there is no temperature change, a liquid 
keeps the same volume though placed in 
another container. A gas always takes on the 
volume of its container. 


Solids and liquids: If there is no change in 
temperature, both solids and liquids keep the 
same volume. Liquids and gases: Both liquids 
and gases take on the shape of their containers. 


TESMYOURSELE (p387) 
1. If the water is not moving, the ink slowly mixes 
throughout the water. It becomes a solution. 


Dee ilotted 
3. (a) Not asolution. (b) A solution. (c) A solution. 


Chemistry 


TEST YOURSELF (p. 407) 
1. Asubstance is a pure material. Each molecule 
of any pure material has the same composition. 


2. Determine the density (mass per unit volume) 
of each. Determine the melting point or boiling 
point of each. Determine how well the water 
solution of each conducts electricity. Other 
ways include determining (a) the heat of 
fusion, (b) the heat of vaporization (specific 
heat), and (c) how well each substance dis- 
solves in water. 


3. Melting point, boiling point, solubility in 
alcohol, heat of fusion, heat of vaporization, 
solubility in water, ability to conduct electricity, 
index of refraction, specific heat, and density. 


4. Donot taste it. 


5. It is difficult to get two amounts of powder 
exactly the same in volume. There are always 
spaces between the grains of powder. 


TEST YOURSELF (p. 411) 
1. Water can exist as a solid, a liquid, or a gas. 
Its melting point is 0° Celsius. 
Its freezing point is 0° Celsius. 
Its boiling point is 100°C. 
Its heat of fusion is 80 calories per gram. 


Its heat of vaporization is 540 calories per gram. 


Its density is 1 gram per cubic centimeter. 


2. The liquid in the bottle looks like water. It is 
not safe to taste or smell a substance that is 
unknown. 

(a) Determine the boiling point or freezing 
point of the liquid. 

(b) Determine the density (mass per unit 
volume) of the liquid and compare it with that 
of water. 


(c) Use a simple conductivity tester to find 
out how the unknown liquid conducts elec- 
tricity as compared with water. 

(d) Add some of the unknown to water and see 
if it mixes. 

(e) Determine the heat of fusion and the heat 
of vaporization. 

(f) Determine the index of refraction. 

(g) Check all of this data with a table listing 
the physical properties of different substances. 
Do the physical properties of the unknown 
liquid match with those of water? If not, the 
liquid in the bottle is not water. 


3. Sodium bromide: melting point is 755°C, 
boiling point is 1390°C, and density is 3.203 
grams per cc. 


4. grams per cc (volume) 
5. The index of refraction of sodium chloride ts 1.544. 
6. The density of sugar is 1.6 grams per cc. 


TEST YOURSELF (p. 418) 

1. The pure substance always melts completely 
at its established melting point. Mixtures 
usually melt over a range of temperatures. 


2. If the mixture is a combination of several 
liquids and some solids, you might separate 
the substances in the following ways: 

(a) Separate the solids from the liquids by 
using special filter paper. 

(b) Separate the denser liquid from the less 
dense liquid by just pouring off the top layer. 
(c) If the substances are dissolved in liquids, 
you can separate them from the liquids by a 
process that relies on change of state. This 
process is called fractional distillation. 

(d) Another way to separate a dissolved 
substance from solution is to allow the liquid 
to evaporate. This procedure is called crystal- 
lization. 


3. The fastest way to separate a solution of sugar 


in water is to boil off the water. 
TESTAYOURSELE (py429) 


1. Achemical change is the change of one sub- 
stance into another. 
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2. 


The following are some examples of chemical 
change or reaction: 

(a) Limestone decomposes into carbon dioxide 
gas and calcium oxide when heated. 

(b) Phosphorus reacts violently with oxygen 
in the air. 

(c) Zinc reacts with an acid in solution and 
gas bubbles are formed. 

(d) Aluminum reacts with a base in solution 
and gas bubbles are formed. 


(a) Aluminum reacts with air. 


(b) Aluminum reacts with sodium hydroxide (a base). 


Decomposition on heating is a chemical 
property of both sugar and limestone. 


TEST YOURSELF (p. 436) 


L 
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The following are three things you might 


observe when a chemical reaction is taking place: 


(a) Bubbles form showing that gas has been 
produced. 

(b) There is a color change. For example, the 
sugar became a black mass when it was heated. 
(c) A precipitate forms. This happens when an 
insoluble substance is formed from a reaction 
between two solutions. 


The burning of gas in a stove is accompanied 
by a change of energy. Light and heat can be 
observed. Vinegar added to a solution of baking 
soda is accompanied by a change of energy. 
The container becomes cooler after the solu- 


tions are combined. The reaction uses heat energy 


supplied by the solution and the air around it. 


Factors that might speed up chemical reactions are: 


(a) Slowly or quickly changing the temperature 
of the reacting substances. . 

(b) Changing the amount of surface area 
available for reaction. 


(c) Increasing the concentration of one substance. 


(d) Adding a catalyst. 


In a chemical reaction, the catalyst remains 
unchanged. This means it does not become a 
new substance or even part of anew substance. 


An enzyme acts like a catalyst in the body. 
Enzymes help control the speed of chemical 
reactions in the human body. 


TEST YOURSELF (pa467) 


I 


Gold, silver, and platinum are not reactive 
metals. 


Magnesium, aluminum, and manganese are 
reactive metals. 


Metals that displace copper from a solution 

of copper sulfate are iron, magnesium, 
aluminum, manganese, zinc, chromium, cobalt, 
nickel, tin, and lead. 


One metal that will not displace copper from 
a solution of copper sulfate (Table 1) is silver. 


TESTYOURSELE(ps470) 


Hk. 


The parts of an electrochemical cell include: 
(a) a glass or plastic container, (b) 2 strips of 
different metals each placed in a solution of 

its own compound, (c) a porous cup containing 
one metal in its compound solution, (d) 
terminals attached to each metal strip, and (e) 
a wire (made of a substance that conducts 
electricity) connecting both terminals. 


Using magnesium and silver metals will 
produce the highest voltage in an electro- 
chemical cell. 


TEST YOURSELF (p. 485) 


ER 


The three methods of protecting iron against 
corrosion are: 

(a) Galvanizing (coating) the iron with zinc. 
(b) Plating. Through electrochemical means, 
the iron is covered by a layer of another metal. 
(c) Painting. A coating of paint keeps the air 
and water from contact with the iron. 


Zinc protects iron better than tin does because 
zinc is a more reactive metal than iron. The 
zinc displaces the iron from iron ioxide (rust). 


Corrosion is the process by which certain 
metals are worn away by chemical reaction 
with substances around them. Steel on auto- 
mobiles rusts, or forms iron oxide, when it is 
exposed to oxygen in the air. 


Plating is a process in which one metal is used 
to cover another metal by electrochemical 
means. Galvanizing is a process in which steel 
is coated with a thin layer of zinc. 


Appendix C: Review Questions on Essays 


Do not write in the book. For true-false ques- Seeing Red (p. 24) 
tions, give the complete word. For completion- 1 


According to the Young-Helmholtz theory 
type questions, give the best word or words. 


of color vision, the color red is seen when 


Discussion and research questions are in italics. 


Light Unit 


What Is Light? Part 1 (p. 11) 


ince ss ee 

(a) receptor for that shade of red is stim- 
ulated 

(b) red receptor is stimulated and yellow 
and blue receptors are not 


a eee aa tea Were ae (c) red receptor is strongly stimulated and 
eee ae HS aa ee the green and blue receptors are weakly 
(a) prisms add color to light eee 
(b) filters let through some colors but not (d) rods are strongly stimulated by the 
Cas ! presence of red light 
(c) the crystals of a prism are themselves 
made up of several different colors 2. The three kinds of receptors generally 
(d) light can be separated into colors and thought to be basic to color vision are 
recombined into white light eBay 

(a) red, green, and blue 

2. (true-false) Newton showed that each color (b) red, blue-green, and yellow 
in light consisted of rays different from (c) angen he-anasa Action 
those of other colors. (d) red, yellow, and blue 

a (GER Eboya) NewuHen & iE) Sune! ana 3. (true-false) If you stare at a red figure for 
neue UES WRITES YO Tannoy ls) — et a while and then quickly look at a white 
OE sheet of paper, you will see a faint red 

4. (true-false) According to Newton’s theory, figure on the white paper. 
a green color filter lets through green light 4. Visual purple is built up in the eye in the 
particles. of light. 

5. A’’theory” can be defined as an explanation (a) presence (b) absence 
[cs SOARES ae es DISSE NENICEE: 5. (true-false) It is possible to see yellow in 
under certain conditions. For example, you the absence of yellow light 
let go of a ball and you expect it to fall to the 
ground. You would probably pick the gravity 6. A friend of yours is having trouble ‘seeing’ 
theory to explain what happened. You could in the dark. What might be the cause? 
SHE as eae a 6 PLeRiCHOn 7. Imagine that you took a pure red light and a 


in a similar situation. In this essay, a theory 
on light is given. Identify it. Explain how this 
theory could be useful. 


pure green light and directed both onto a 
white surface. You would see a yellow spot. 
Explain what might be happening according 
to Hering’s theory. 
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Now You See It Now You Don’t (p. 28) 


1. In Land’s experiments the filters placed in 
front of the camera must be 
(a) the same as those used in front of the 
projector 
(b) red and green 
(c) different from one another in the band 
of color that passes through them 
(d) all of the above 


2. The colors you would see in Land’s experi- 
ments have been shown to be due to 


(a) particles of light separated by a prism 
(b) stimulation of specific cones by colored 
light . 

(c) rods reacting under dim light 

(d) none of the above 


3. (true-false) In Land’s studies, the bright- 
ness of different areas of the photograph 
is an important factor in determining the 
color seen. 


4. (true-false) To duplicate Land’s results, 
filters of yellow and blue may be used 
rather than red and green. 


5. The color you would see in Land's experiments 
is related to brightness values of that spot. 
Describe how the results of his studies differ 
from the Young-Helmholtz studies. 


6. Draw a picture of Dr. Land's famous experi- 
ment. Be sure to label important parts of 
materials he used. 


What Is Light? Part 2 (p. 36) 


1. (completion) Mirrors reflect better than 
sheets of paper because mirrors are 
than paper. 


2. (true-false) If light is scattered in many 
directions by a reflecting surface, the 
resulting image will be very clear. 


3. (true-false) Images are seen clearly in 
mirrors when the angle of incidence of light 
equals the angle of reflection. 
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(true-false) When light from your face is 
scattered by a reflecting surface, you will 
be unable to see yourself in that surface. 


Name surfaces in which you have seen a clear 
or faint image of yourself. What is the one 
important feature of all the surfaces on your 
list? 


Mirror, Mirror on the Wall (p. 42) 


it, 


The earliest mirrors known were made of 


(a) aluminum (c) mercury 
(b) bronze (d) silver 


The 16th-century glassmakers of Venice 
made mirrors by lowering a sheet of glass 
onto tin foil covered with 

(a) aluminum (c) mercury 

(b) bronze (d) silver 


(true-false) To prevent distortion, mirrors 
used in scientific instruments are silvered 
on the back. 


A window which looks like a mirror from the 
inside at night is probably aluminum-coated 
plastic. During the day, from the outside it is 
difficult to see into the building. Explain why 
this happens. Also, name at least one situation 
where this type of window might be useful. 


Mirrors that are used to give accurate images 
are silvered on the top surface. Some astron- 
omy telescopes are made this way. What other 
instruments might be made in the same way? 


Sunlight: Fuel for a Furnace (p. 50) 


ik, 


(completion) A furnace which gets its 
energy from the sun is called a 
furnace. 


(true-false) The light which reaches the 
concave reflecting surface of the solar 
furnace at Odeillo has previously been 
reflected by a flat mirror. 


(true-false) The temperatures reached in 
the “oven” building of the solar furnace 
at Odeillo are high enough to melt steel. 


4. (true-false) The energy produced in a solar 
furnace is small compared with the pollu- 
tion caused by its operation. 


5. What may be some reasons why there are not 
many solar furnaces throughout the world? 


6. What may be some other uses for the solar 
furnace besides melting metal? 


Another Kind of Curved Mirror (p. 52) 


1. (true-false) A convex mirror is inwardly 
curved. 


2. (true-false) The large mirrors used in 
stores to discourage shoplifting are convex. 


3. (true-false) If a mirror produces an image 
which is much wider in scope than one 
seen with a flat mirror, the mirror is prob- 
ably concave. 


4. (true-false) The image seen in a convex 
mirror cannot be projected onto anything. 


5. Pretend you are at a fun-house in a carnival. 
How is your image distorted by the concave 
and convex parts of one of their mirrors? 


6. If you wanted to burn a hole in a paper with 
a mirror, would you use a concave or a convex 
one? Why? 


What Is Light? Part 3 (p. 59) 


1. (completion) When light from one opening 
interferes with light from a second opening 
nearby, the resulting effect is called 


2. (completion) The effect of fuzzy edges on 
shadows is called light____. 


3. (true-false) The wave theory of light can 
account for data which the particle theory 
cannot explain. 


4. (completion) According to the wave theory, 
colors differ from each other in 
length. 


5. (true-false) Diffraction effects in experi- 
ments with light are best explained by the 
‘particle theory. 


Newton and Young would agree that white 
light is made up of colors. On what points 
does Newton's particle theory disagree with 
Young’s wave theory? 


What were some factors that prevented 
Young’s theory from being accepted? 


Young made a comparison between the 

effects caused by water waves and some things 
he noticed about light. Describe or draw a 
mental model of the comparison he made. 


Zigzagging Light (p. 72) 


at 


(true-false) When a light beam’s angle of 
incidence is perpendicular to a water sur- 
face, total internal reflection occurs. 


(true-false) When a light beam strikes the 
water surface and is refracted parallel to 
that surface, the inner surface of the water 
acts as a mirror. 


(true-false) Total internal reflection has 
been used to transport light through plastic 
wires. 


(completion) The new way of bringing 
light from one place to another using total 
internal reflection is called 


You are looking up at the water surface as a 
fish would and you see a mirror-like image of 
the bottom of the pool. What is this phenom- 
enon called? What causes it? 


What Is Light? Part 4 (p. 76) 


1; 


in air than in water. 
(b) slower 


Light travels 
(a) faster 


(true-false) Refraction is explained better 
by the particle theory than by the wave 
theory. 


(true-false) For Newton’s particle theory 
to explain refraction, light must travel 
faster in other substances than in air. 


(true-false) In certain situations, water 
waves bend in the same way as light does 
when it is refracted. 
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5. In Newton's time no one had accurately 
measured the speed of light in air and in other 
materials. If you were to devise an experiment 
to solve this problem, what might you do? How 
did Fizeau and Foucault do it? 


6. The speed with which light travels through 
various materials cast doubt upon which 
theory? Why? 


Lenses and Your Vision (p. 86) 


1,” Thelensesin your eyesare= = 
(a) concave (c) double-concav 
(b) convex (d) double-convex 


2. Inorder to see clearly you must have eyes 
which focus the image on the 
(a) iris (c) pupil 
(b) lens (d) retina 

3. (true-false) When you look at an object 
moving toward you, your lenses become 
more curved. 


4. (true-false) If the image on the retina is 
blurred, the iris will adjust the amount of 
light entering the eye until the image is 
clear. 


5. (true-false) Convex lenses would be pre- 
scribed for persons who are far-sighted. 


6. Nearsighted eyes focus the image before it 
reaches the retina. To correct for this, what 
must glasses do to light before it reaches the 
lens of the eye? What kind of lenses in such 
glasses would be needed? Draw a diagram of 
a nearsighted and a farsighted eye. Show what 
happens to light entering the eye alone. Then 
show what happens with glasses in front of 
the eyes. 


7. Your eyes are an important window to your 
general health. Even though you may not 
need corrective lenses, a regular eye check-up 
is a good idea. Early stages of many diseases 
have been observed by doctors just by looking 
through the lens of the patient’s eye. What 
are some of these diseases? . 
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Other Seeing Aids: Microscopes and Tele- 
scopes (p. 92) 


L 


(true-false) Simple microscopes and tele- 
scopes are both generally made of two 
double-convex lenses. 


(true-false) A double-convex lens more 
than one focal length away from an object 
will produce an upside-down image. 


(true-false) Telescopes used to view distant 
scenes right-side up usually contain three 
different lenses. 


(true-false) A double-convex lens less than 
one focal length from an object acts as a 
magnifier. 


A microscope and telescope have lenses which 
differ mainly in focal length. Why does the 
first lens in a microscope have a short focal 
length? Why does the first lens in a telescope 
have a long focal length? 


A Photographer at Work (p. 100) 


i 


(true-false) To focus a camera, the pho- 
tographer sets the lens at the proper dis- 
tance from the film. 


(true-false) The camera shutter controls 
both the size of the light opening and the 
length of time it remains open. 


(true-false) The f-stops on a camera are 
used to determine the size of the shutter 
opening. 


(true-false) Shutter speeds are generally 
set at fractions of a second. 


You've taken a picture with a camera and 
discover that something went wrong. The 
photograph was too dark. According to this 
essay, what may have caused this effect? 


Before you take a picture, what rules should 
you keep in mind? List them. 


What other factors may affect the quality of 
your photographs besides those mentioned in 
the essay? 





What Is Light? Part 5 (p. 104) 


LE 


(true-false) Max Planck’s packet theory was 
more similar to particle theory than to 
wave theory. 


(true-false) Heated objects give off light 
energy ina Steady flow. 


(true-false) With all the information avail- 
able today on light, the particle and wave 
theories of light are still useful. 


(true-false) Photons of red light have a 
different amount of energy than photons of 
blue light. 


Make a list of all the facts and generalizations 
you can about light. Then list several questions 
you may still have about light. 


In the field of science, there is no right or 
wrong explanation for what happens in the 
world around us. One explanation may be 
better than another about certain things 
happening. Even that is continually subject 
to change. Scientists look at known facts 
collected through experimental research. 
Current theories may explain those facts, 
part of those facts, or none of those facts. 
Often, anew theory evolves based on a com- 
bination of the old. Such disagreement by 
scientists 1s an important part of their work. 
Would you agree or disagree that all theories 
are important to consider even if they seem to 
conflict, or create uncertainties? Support 
your answer with an example. 


Laser: Beam of the Future (p. 108) 


B 


(true-false) Artificial diamonds are usually 
used to make a laser. 


(true-false) Lasers focus enormous energy 
with extreme accuracy. 


(true-false) Laser light is incoherent. 


(true-false) Light waves which are not in 
phase with those being reflected in the 
laser crystal are lost through the partly 
silvered end of the crystal. 


Identify from the essay what properties laser 
light has that ordinary light doesn't. 


Can you add to the list of potential uses for 
laser light? 


Which theory of light would best explain the 
behavior of laser light? Explain why. 


Our Visual Environment: Light or Blight? 


(De LD) 

1. (true-false) The appearance of the environ- 
ment affects those who live in it. 

2. (true-false) By carefully choosing the colors 
which surround us, we can create an effect 
of calmness or excitement. 

3. (true-false) Billboards have been banned 
from some highways to preserve the beauty 
of the area. 

4. (true-false) Building costs tend to determine 


the architectural style of public buildings 
today. 


Electricity Unit 


Those Were the Days (p. 131) 


the 


Ben Franklin’s famous kite experiment 
showed that 

(a) lightning was the release of an electrical 
charge from a storm cloud 

(b) metal rods, strings, keys, and silk 
ribbons would conduct electricity 

(c) electrical charges could be stored in 
certain types of clouds 

(d) static electricity was stored in certain 
types of clouds 


Charles Francois DuFay found that objects 
with 

(a) ‘“vitreous” electricity attract each other 
(b) “vitreous” electricity attract objects 
with “resinous” electricity 

(c) “resinous” electricity attract each other 
(d) all of the above 
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(completion) In their experiments, Franklin 
used silk ribbon and DuFay used silk cords 
because silk acts as a (an) 


A Leyden jar is used to 

(a) generate static electricity 
(b) generate current electricity 
(c) store electrical charges 

(d) store electrified glass 


Why should it be safer to remain in a car 
during a lightning storm than to stand at the 
front door of your house? 


Certain synthetic materials, such as nylon, 
are excellent conductors of electricity. What 
have some clothing manufacturers done to 
eliminate the problem of ‘’clinging’’? 


The Shining Lights (p. 148) 


1 
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In Edison’s light bulb the part which 

glowed was the 

(a) metal post (c) powdered 
charcoal 


(b) carbon thread (d) platinum wire 


Thomas Alva Edison’s contribution to the 
development of the electric lamp was 


(a) making the first light bulb 


(b) using the first carbon filament made 
from paper 

(c) using argon to fill the space around the 
filament 

(d) making the first bulb that was both 
bright and long lasting 


In modern light bulbs of the type ordinarily 

used in the home, the glow we see comes 

from the : 

(a) carbon filament (c) nitrogen 
gas 


(b) tungsten filament (d) argon gas 


(true-false) Colored light can be produced 
by passing electricity through various 
gases. 


Explain why the incandescent lamp invented 
by Sir Joseph Swan was not successful. Find 
out how long he worked on his invention. How 


long did Edison work ona similar problem? 
Why did it take them so long? 


How would your everyday life change if 
suddenly there were no light bulbs or gas 
discharge lamps? 


Frog Legs and Other Things (p. 160) 


il 


While investigating Galvani’s experiments 
on ‘animal electricity,” Volta found that 


(a) lifeless frog legs generated an electrical 


charge 

(b) animal electricity caused movement in 
animal muscles 

(c) the solutions in the frog legs conducted 
electricity 

(d) all of the above 


(completion) A type of battery used in 
physicists’ laboratories since 1880 to pro- 
vide a continuous source of electricity is 
the Bae 


A compass and a voltaic pile were used by 
Hans Oersted to show that 

(a) a wire carrying an electric current 
affects a magnet 


- (b) compasses generate a small electrical 


charge 

(c) frog legs can carry electric current 
(d) the magnetism of the earth can be 
converted to electric current 


Oersted’s discovery stimulated the thinking 
of Ampere and led him to the conclusion 
that 

(a) the magnetism of the earth generates 
electric current 

(b) an electrified wire generates its own 
magnetic field 

(c) magnetic fields can be used to generate 
electric current 

(d) electrified wires can cause animal 
muscles to twitch 


Volta, Oersted, Galvani, and Ampere—all 
made important contributions to the study of 
electricity. Write a paragraph on each scien- 
tist’s contribution. 





6. Scientists refer to the earth as a large magnet. 
Give evidence that supports this idea. Can you 
generate an electrical current within that 
field? 


Messages by Wire (p. 172) 


1. (true-false) Messages were sent and re- 
ceived by beating on hollow logs with 
sticks long before the telegraph was in- 
vented. 


2. (true-false) The telegraph works by break- 
ing and closing an electric circuit. 


3. (true-false) By varying the amount of 
pressure on the key, the telegrapher is able 
to send the dots and dashes of the telegraph 
code. 


4. (true-false) The vibrating diaphragm which 
was an important part of Bell’s original 
telephone has been replaced by an electro- 
magnet in modern phones. 


5. How many different jobs were affected by the 
invention of the telegraph? How many new 
types of jobs were created because of it? 


6. Draw or describe how the telephone or the 
telegraph uses the principles of electro- 
magnetism. 


Broken Circuits that Conduct (p. 176) 


ieee the. Edisonettect«is = ==. 
(a) the glow produced by an incandescent 
bulb 
(b) the increase and decrease in brightness 
over the life of an electric lamp 
(c) the movement of electric current across 
a vacuum froma heated filament to a metal 
plate 
(d) the one-way flow of electric current 
over the plate, grid, and filament of a 
triode 


2. (completion) ‘’Fleming’s valve” with its 
one-way flow of electricity is known today 
as a (an) 


a 


(completion) The difference between a 
diode and a triode is the presence of a 
third electrode called a (an) 


By adjusting the charge in a triode’s grid 
one can 

(a) prevent current from passing through 
the circuit 

(b) allow the triode to function as if it were 
a diode 

(c) control the amount of current in the 
plate-filament circuit 

(d) all of the above 


(completion) Artificial crystals are com- 
bined to make a useful substitute for the 
vacuum tube. This substitute is called a 
(an) 


(completion) The semiconductor triode is 
commonly known as the 


You can send a current through a semicon- 
ductor diode in only one direction, the negative 
to the positive. Explain why. 


The semiconductor has had an important 
impact on the electronic industry. Look 
around your home. What new products are a 
result of this new discovery? 


Signals Without Wires (p. 183) 


il, 


(true-false) Marconi invented a radio by 
which Morse code messages could be sent 
without wires. 


(true-false) The purpose of a microphone is 
to amplify the signal to be transmitted. 


(completion) The amplification of radio 
signals depended on Lee DeForest’s in- 
vention, the 


(true-false) In the early 1900’s, music was 
transmitted by mixing sound current with 
radio transmission current. 


The antenna connected to your television set 
picks up radio wave signals. Then what 
happens to these signals? 


How did the invention of the radio make it 
possible for television to follow shortly? 
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What’s Behind that Electrical Outlet in the 
Wall? (p. 197) 


i 


(true-false) Moving a magnet in and out of 
a coil of wire produces an electric current. 


(true-false) Power plants are more likely 
to be located inland than near bodies of 
water. 


The electrical energy produced in power 
plants is and 

(a) high amperage . . . high voltage 

(b) high amperage . . . low voltage 

(c) low amperage . . . low voltage 

(d) low amperage . . . high voltage 





The increase or decrease in voltage pro- 
duced by a transformer depends on the 


a) number of loops in the wire coils 


( 

(b) choice of metals used to build it 
(c) type of energy which operates the 
turbines 

(d) distance between transformers 


Draw a diagram and name the parts of an 
alternating-current generator. Draw a 
diagram and name the parts of a direct- 
current generator. 


Briefly describe the three main kinds of power 
plants in use. Find out which kind supplies 
your home with electrical power. 


Read your appliances. Do most of them use an 
alternating-current or a direct-current form of 
energy? 


Who Gets the Credit? (p. 204) 


ud 
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(true-false) Faraday’s motor used a moving 
wire to produce electrical current. 


(completion) Wrapping insulated coiled 
wire around an iron core and connecting 
the coil to a power source produces a (an) 


A magnet moving in relation to fixed wire 
coils produces an electric current and, 
therefore, is a simple type of 

(a) motor (c) generator 

(b) engine (d) vacuum 


4. (true-false) Alternating current fell into 
disuse in the United States because the 
inventions of Edison ran more simply with 
direct current. 


5. (true-false) Once uses were found for the 
motor, scientists went on to invent the 
generator. 


6. How did Faraday “convert magnetism into 
electricity’? What did he do differently from 
Ampere? (See essay p. 160.) 


7. Make a time-line drawing or description of the 
development of the electric motor. Include 
some interesting points about each scientist 
and his work. 


Power Controversy (p. 214) 


1. (true-false) Building dams results in sources 
of electric power without damage to nature. 


2. (true-false) Nuclear power plants are 
pollution-free as long as radioactivity does 
not escape. 


3. (true-false) Burning coal to produce electric 
power would be a desirable method if our 
supply of coal were unlimited. 


4. (true-false) If the discharge of heated water 
into lakes and streams becomes common, it 
may affect the weather over nearby land 
areas. 


Motion Unit 


Tick Tock (p. 232) 


1. (completion) The rhythms of your heartbeat 
and breathing are referred to as 
clocks. 


2. (completion) The cycles of day and night 
and the phases of the moon are called 
clocks. 


3. Which one of the following was used by 
the Egyptians to make huge shadows in 
order to measure short intervals of time? 
(a) sundial (c) stick 
(b) water clock (d) obelisk 





(completion) The ancient Egyptians first 
kept records of the position of the 

in order to predict when the Nile would 
flood. 


Galileo’s observations of a helped 
make the clocks of his time more accurate. 
(a) pendulum (c) spring 

(b) weight (d) balance 


Is there any way you can think of to measure 
time without using motion? 


Explain what would happen all over the world 
if our present systems for measuring the pas- 
sage of time were eliminated. For example, how 
would the airlines be affected? 


How Much Depends on Where (p. 242) 


dh, 


The decimal system is based on factors 
of 

(eyl2 

(d) 100 


(true-false) The metric system is the mea- 
suring system most commonly used 
throughout the world. 


(true-false) The only measuring system 
made legal by the Congress of the United 
States is based on the inch, foot, and yard. 


Which one of the following terms is used 
in the metric system? 

(a) peck (c) rod 

(b) furlong (d) kilogram 


If the United States were to go completely 
metric within the next five years, how would 
events be described? For example, in a football 
game your team-has a touchdown after the 
player runs 40 yards. How far is that in 


meters? Give some examples from other sports. 


What are some of the reasons the rest of the 
world uses the metric system? 


Up, Up, and Away (p. 292) 


i, 


The part of a crane which balances the load 
to' be lifted is called the __. 

(a) counterweight (c) arm 

(b) buffer (d) tower 


(true-false) Elevators today generally use a 
pulley and counterweight system similar 
to that used in the late 1800’s. 


(completion) The crane is a combination of 
two simple machines, the pulley and the 


(completion) A device for moving people 
from one level to another which is basically 
an inclined plane is the 


Cranes, elevators, and escalators—all are a 
collection of simple machines. What are some 
of these simple machines? Give examples of 
other complicated-looking machines which 
are really a collection of simple machines. 


Why do you think an escalator might be a 
better way to move people than an elevator? 
What would be some of the disadvantages? 


Heave-Ho (p. 295) 


it 


(true-false) The great blue stones used in 
building Stonehenge were quarried nearby 
and relatively little transportation of 
materials was required. 


(true-false) The builders of Stonehenge 
probably knew how to move heavy objects 
by using log rollers. 


(true-false) The wooden machine, used by 
Egyptians today to lift heavy objects, may 
be similar to ones used in constructing the 
pyramids. 


(true-false) The writings on the walls of 

the pyramids give us important clues to the 
methods of construction used in ancient 
times. 


Make up a theory about how you think 
Stonehenge was built. Explain how the type 
of tools available at that time were used and 
how people moved the massive stones. (Hint: 
Would building a mountain of earth help to 
move the stones?) 


How did the people who settled the Western 
United States build log cabins and houses? 
What type of tools did they use and how? 
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The Invisible String (p. 311) 


1. (true-false) Scientists today would agree 
that any falling object would increase in 
speed at the same rate as any other object 
if we subtract the difference caused by air 
resistance. 


2. The person who first suggested that the 
sun and all the planets were affected by 
invisible forces pulling toward each other 


was 
(a) Aristotle (c) Newton 
(b) Galileo (d) Leibniz 


3. (true-false) Leibniz agreed with Newton 
that an applied force can change an object’s 
motion, even if there is no contact between 
the force and the object. 


4. (true-false) Galileo’s theories concerning 
objects falling in a vacuum were confirmed 
by astronauts’ experiments on the surface 
of the moon. 


5. Take asurvey. Ask several people to predict 
what will happen if objects of two different 
masses are dropped from the same height at 
the same time. 


Compare your results with other members 

of the class. How many people in your survey 
still agree with Aristotle? How many agree 
with Galileo? 


6. Most scientists agree on the effect of gravity 
on objects near earth’s surface. What is that 
effect? Explain how this force is a predictable 
one. 


A Backward Shove When Going Forward 
(p: 315) 


1. (completion) An object falling freely toward 
earth increases its speed each second about 
meters per second. 


2. (completion) If you are riding in a space- 
ship which is increasing its speed away 
from earth each second at a rate of 20 meters 
per second, the force you feel is computed 
to be 
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3. (true-false) Mathematically, g is calculated 
by dividing the force on the object by the 
object’s mass. 


4. (true-false) When an object is falling freely, 
the force on it is equal to its weight. 


5. Define what the symbol g means. 


6. Suppose a racing car is speeding up to 2 g’s. 
In metric units, how much is the car speeding 
up each second? 


What’s the Hurry? (p. 318) 


1. (true-false) The average speed of traffic in 
New York City is slower today than in 1911. 


2. (true-false) Although air travel is quick, 
travel time is greatly increased by traffic- 
jams on the ground. 


3. (true-false) According to Cousteau, the 
speedy and powerful pleasure boats of 
today are a bigger contributor to water 
pollution than oil spills. 


4. (true-false) Many people are turning to 
forms of recreation such as bicycling, sail- 
ing, and mountain climbing because these 
activities do not use up the earth’s resources 
and are relatively pollution free. 


Heat Unit 


Thermometers and How They Got That Way 
(p. 334) 


1. What is the major deficiency of Fahrenheit’s 
early thermometer? 
(a) the steps on the scale were not equal 
(b) the boiling point of water was not 100° 
(c) the reference points were items which 
varied 
(d) the glass tube held too much alcohol 


2. Match each of the following scientists to 
his work. Celsius ; Fahrenheit 
_s' oe Galileotz> 22a) Newton 5 
(a) first used purified mercury in the ther- 
mometer tube 


(b) first calibrated an alcohol thermometer 
from the freezing point of salt water 

(c) first chose reference points for ther- 
mometers 

(d) first attempted to measure temperature 
(e) first used freezing and boiling points of 
pure water as reference points 


3. (true-false) Normal human body tempera- 
ture is set at 98.6° because Celsius used it 
as one of the three reference points on his 
scale. 


4. (completion) The thermometer which was 
divided into 100 equal parts was developed 
bysnts Beet 


5. Often one scientist will improve on another's 
work. The result can be an important break- 
through. Give an example from this essay. 


6. What could a weather forecaster say about 
temperature if a standard thermometer was 
not available? 


Is There Another Way? (p. 338) 


1. The temperature measuring device which 
works because unlike metals produce a 
small voltage when they touch is called a 
(an )o=: 

(a) thermocouple 

(b) thermograph 

(c) resistance thermometer 
(d) optical pyrometer 


2. A platinum wire coil is a basic part of a 
temperature measuring device called a 
(an) 

(a) thermocouple 

(b) thermograph 

(c) resistance thermometer 
(d) optical pyrometer 


3. Match the measuring device with the type 
of object it is used to measure. Thermo- 


couple BL MeLInO staplers 
Optical pyrometer . Resistance 
thermometer 


(a) objects hot enough to give off light 
(b) skin temperature 


(c) air in smoke stack 
(d) air inside a refrigerator 


(true-false) A resistance thermometer is 
especially useful when temperatures must 
be accurately measured inside machines. 


(completion) The thermograph is used to 
take a photograph calleda___. 


Various temperature measuring devices are 
used in many ways. Make a list of situations 
where temperature control is important. 
Which type of device mentioned in this essay 
would you use in one of your situations? 


You might be able to read thermometers with- 
out knowing how they work. But why is tt 
important for an engineer to know basic ideas 
from other areas of science? For example, how 
could a knowledge of optics or chemistry help 
him or her in using various thermometers? 


Calories You Eat (p. 354) 


it. 


(true-false) The Calories in food each = 100 
ordinary calories. 


(true-false) To accurately determine the 
number of Calories in a particular French 
fry, it would be necessary to destroy it by 
burning under controlled conditions. 


(completion) The instrument used to de- 
termine the number of Calories in a food 
isa 

Which one of the following snack items is 
lowest in number of Calories per serving? 
(a) pizza (c) apple pie 

(b) chocolate cake (d) doughnut 


Compare the fuel to run the human “‘engine”™ 
with that used to run a car. For example, 
which fuel is used more efficiently? 


Pots and Pans and Other Things (p. 363) 


i 


2 


(true-false) Metal pans conduct heat better 
than ceramic pans. 


To avoid uneven heating you might use a 


pemeeeetrying pan. 


(a) metal (b) ceramic 
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3. Which one of the following is not an ad- 
vantage of wood window frames when 
compared with those made of metal? 

(a) wood has heating properties similar to 
brick and plaster 

(b) wood does not conduct heat so easily 
as metal 

(c) wood expands very little when heated 
(d) wood contracts to keep out the cold 


4. (true-false) Special alloys are used in the 
construction of metal buildings to increase 
the expansion and contraction of metals. 


5. To create a house which would be naturally 
cool in summer and warm in winter the 
best material to use would be 
(a) wood (c) stone 
(b) glass (d) steel 


6. (true-false) Insulation helps keep houses 
warm in winter and cool in summer by 
trapping air so it cannot move about. 


7. Explain whichis better to cook with, a copper 
pan or aniron pan? (Note: heat capacity of 
copper is 0.09 and of iron is 0.11) 


8. Which is a better conductor of heat, a glass or 
brick material? Describe one way to test your 
prediction. 


Heat Engines (p. 366) 


1. The steam engine was developed because 
of a need for a better way to 

(a) pump water from mines 

(b) generate electricity 

(c) propel ships and land vehicles 

(d) heat large factories 

( 


completion) That portion of a steam engine 
which moves when steam presses against 
it is calleda 


3. (true-false) The internal combustion engine 
is a type of reciprocating engine. 


4. (completion) Today, steam turbines are 
most often used to 


5. (true-false) Rocket engines are basically 
very efficient reciprocating engines. 
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What other reasons might there be for work- 
saving inventions, like the aeolipile, to remain 
merely ‘toys’ for many years? 


Determine whether or not the following phrase 
adequately describes this essay: ‘’ Necessity is 
the mother of invention.”’ Explain your 
answer. 


Water—Great Stuff! (p. 381) 


it. 


Ice floats in water because it 

(a) contains pockets of trapped air 

(b) has a very low capacity to absorb heat 
(c) expands when it freezes 

(d) continually melts around the edges 


The most common way to purify water 
which has substances dissolved in it is to 


(a) freeze it and remove the impurities 
(b) treat it with chemicals 

(c) filter out all the unwanted substances 
(d) change it to a gas and then to a liquid 


 (true-false) Water absorbs and releases less 


heat than most substances so it is some- 
times used to cool machinery. 


(true-false) It is difficult to break down 
water into hydrogen and oxygen. 


Ice has a high heat capacity and a high heat of 
fusion. How is this useful in many “‘industrial 
processes” that require a “‘cooling agent’’? 


How many ways was water used by you in 
one day? Make a list. 


Someone told you that there is life, as we know 
it, on the moon. What reason(s) would you 
give for not agreeing with the theory? 


There Is a Model (p. 388) 


1, 


(completion) Regularly shaped pieces of 
pure substances with angles and flat sur- 
faces are called 


(completion) When pollen grains are sus- 
pended in water, the type of movement 
they show is called_____. 





3. Which one of the following types of mole- 
cules moves most rapidly? 
(a) gas (c) solid 
(b) liquid 


4. (true-false) Since crystals of sugar have 
flat faces which come together at right 
angles, we know that the molecules are 
arranged in a similar pattern. 


5. When two substances are of different tem- 
peratures, the energy in transfer between 
them is called 


(a) heat (c) fusion 
(b) Brownian motion (d) molecular 
motion 


6. (true-false) When you heat a substance, its 
molecules move more rapidly. 


7. Youmade a bet with a friend. You said you 
could show how gas molecules move faster 
than liquid molecules. What will you do to 
prove your claim? 


8. To date, the molecular structure of matter 
theory has been very useful. It has helped 
explain certain phenomena, for example, 
melting ice. Name other phenomena the 
theory might explain. 


WATER ... Water... water (p. 394) 


1. The major difficulty in converting salt 
water to fresh water is ; 
(a) periodic salt water shortages 
(b) moving workers to coastal locations 
(c) technical problems in processing 
(d) excessive costs 


2. Sea water is converted into fresh water most 
commonly by 
(a) distillation 
(b) filtration 
(c) freezing 
(d) evaporating 
3. (true-false) The scale that builds up on 


pipes in a desalting plant is caused by the 
salts in sea water. 


4. (true-false) The transportation of desalted 
water can add considerably to its cost. 


Chemistry Unit 


Gasoline and Peppermint (p. 419) 


1 


In distilling petroleum a major piece of 
equipment used is a 

(a) vaporizing column 

(b) fractionating column 

(c) steam plate 

(d) steam separator 


Inside the metal towers used in distilling 
petroleum, substances separate according 
to : 

(a) boiling points 
(b) water pressure 


(c) density 
(d) mass 


(true-false) Less heat is needed to boila 
liquid in low-pressure distillation than 
under higher pressures. 


(true-false) Steam passed through a liquid 
such as peppermint oil causes vapors to 
escape at lower temperatures than usual. 


How ts the distillation of crude petroleum 
similar to that of peppermint oil? 


Describe what might happen if our sources of 
petroleum were sharply cut off or limited to 
twenty years. 


From Aspirin to Fake Gems (p. 422) 


iE 


(completion) The basic difference in the 
structure of glass used in cookware and that 
used in windows is the presence or absence 
of large numbers of 


(completion) Sand is to a pearl as titanium 
oxide is to 


(true-false) Artificial rubies and sapphires 
are made of thousands of tiny crystals 
formed in layers on a seed crystal. 


(true-false) Synthetic gems are chemically 
identical to natural ones. 


The process of crystallization is often used to 
purify products. In what way is this process 
different from that of distillation? (See essay 
page 419.) 


543 


6. The crystallization of aspirin is slightly 
different than that of ceramic glass and 
synthetic gems. Explain the difference in the 
manufacturing of each product. 


A Molecular Demolition Derby (p. 438) 


1. (true-false) Chemical reactions occur when 
molecules crash and break apart and then 
combine in a new way. 


2. (true-false) Decreasing the temperature 
makes molecules move faster and so speeds 
up a chemical reaction. 


3. The more molecules of a substance that are 
in a solution, the____ the reaction. 
(a) faster (b) slower 


4. (true-false) Catalysts can be used to help 
control the speed of a chemical reaction. 


5. You are observing a chemical reaction take 
place. You have just added an unknown sub- 
stance to water. What might you see that 
would lead you to believe that the ‘’crashes’’ 
between molecules are violent in this reaction? 


The Story of the Atom Part 1 (p. 440) 


1. Which one of the following men was the 
first to teach that matter was composed of 
earth, water, air, and fire? 

(a) Aristotle (c) Democritus 
(b) Pythagoras (d) Socrates 


2. Who was the man who introduced the con- 
cept of the atom? 
(a) Aristotle (c) Boyle 
(b) Democritus (d) Dalton 


3. In modern times a complex substance such 
as water is called a (an) 
(a) compound (c) particle 
(b) hyle (d) element 


4. (true-false) Democritus chose the term atom 
to describe a particle which could not be 
divided. 


5. (true-false) A molecule can never contain a 
fractional part of an atom. 
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Before the acceptance of modern atomic 
theory, matter was scientifically defined in 
several ways. Make a time line showing how 
matter was viewed through the centuries. 


Imagine you are sent back in time when 
Aristotle's theories were accepted as the 
explanation for all’’matter.’’ What kind of 
equipment might have been available for 
experiments? What might have been the 
attitude toward scientists and their work by 
persons of influence? Why do you think 
Aristotle's theory was popular at that time? 


The Story of the Atom Part 2 (p. 445) 


ie 


8. 


(true-false) Elements can be grouped ac- 
cording to the chemical reactions in which 
they occur. 


The man who organized the elements into 
the periodic table was____. 

(a) Boyle (c) Berzelius 

(b) Dalton (d) Mendeleev 


(completion) The proton of the hydrogen 
atom is located in its 


The negatively charged particle in the 
outer area of the atom is called the 

(a) proton (c) neutron 

(b) electron (d) hydron 


(completion) Nearly all the weight of the 
atom is located in its 


(true-false) In each atom the number of 
protons plus electrons equals the number of 
neutrons. 


Describe the difference between the atomic 
weight and the atomic number of an element. 


Draw a model of an atom and label its parts. 


‘“Who-dun-it?”’ (p. 449) 


1. 


2 


(completion) People trained to use science 
to solve legal problems are called 
scientists. 


To find which elements are present ina 
paint sample one would generally use the 





(a) emission spectrograph 
(b) index of refraction 

(c) precipitin test 

(d) benzidine test 


3. To tell human blood from animal blood, 
one can use a test which will show the 
difference between their , 

(a) peroxidases (c) blood types 
(b) proteins (d) acids 


4. A mixture of hydrochloric acid and copper 
chloride is used to 
(a) distinguish human from animal blood 
(b) restore writing removed with ink 
eradicator 
(c) read original serial numbers on metal 
surfaces 
(d) identify metallic poisons which con- 
centrate in hair 


5. Inthis case, how many pieces of evidence to 
be presented in court can be traced back to 
some scientific test? 


6. Describe other tools or techniques used by 
forensic scientists besides those listed in the 
essay. For example, how is ultra-sound or 
identification by smell being used? 


7. What other important characteristics must a 
forensic scientist have besides knowledge of 
the field? 


From Atoms to Ions (p. 472) 
1. (completion) Atoms which have become 
electrically charged are called 


2. When astrip of zinc is placed ina solution 
of copper sulfate, what is deposited on the 


strip? 
(a) copper atoms (c) electrons 
(b) zinc atoms (d) neutrons 


3. (true-false) When zinc ions go into solution, 
they are electrically neutral. 


4. (true-false) The electrochemical cell pro- 
vides a current until all the zinc is used up 
or there are no more copper ions left. 


5. The atom does not always remain “neutral.” 
What causes an atom to lose its neutrality? 
Give an example of such a reaction. 


6. Draw a model of what happens in an electro- 
chemical cell. Explain how a chemical reaction 
produces an electric current. 


7. Make alist of batteries you use in everyday 
life. Are all the batteries on your list examples 
of displacement reactions? Explain. 


From the Stone Age to the Foundry (p. 475) 


1. The first metal used to any extent in the 
making of tools and weapons was 
(a) copper (c) lead 
(b) tin (d) iron 


2. (true-false) Fire was used by the ancients 
to crack the rock walls in the copper mines. 


3. (true-false) Many bronzes contain tin. 


4. What does iron from meteorites contain 
that smelted iron does not? 
(a) copper (c) nickel 
(b) bronze (d) gold 


5. (true-false) Quenching produces steel 
which is strong and flexible. 


6. Copper smelting was used long before iron 
smelting. Why? 


7. Inthis essay, how many times was the dis- 
covery of a metal or its use a chance happen- 
ing? Can you name any other ones? 


8. How might the supply of metals and knowl- 
edge of their uses have affected the 
development of ancient cities? Is this still an 
important factor today? Give an example. 


The Magic of Carbon (p. 488) 


1. (completion) Organic chemists study the 
compounds which contain the element 


2. (true-false) It is possible for two molecules 
to have the same number of atoms of two or 
more elements and yet be different sub- 
stances. 
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3. (true-false) Mineral compounds usually 
contain chains of carbon atoms. 


4. (completion) Compounds which contain 
only carbon and hydrogen are called 


5. What is the major difference between the 
compounds tn living things and compounds in 
minerals? 


6. Carbon atoms link to each other. How does 
this linking relate to the variety of living 
things? 


Molecules on a Chain (p. 490) 


1. (completion) Large molecules which are 
made of units of smaller molecules are 
called == as 


2. (completion) Excess sugar in the human 
body is changed chemically into fat or 
polymerized and stored as 


3. A polymer of sugar which cannot be 
digested by humans is 
(a) glycogen (c) starch 
(b) wool (d) cellulose 


4. (completion) Proteins are made of combi- 
nations of simple molecules called 


5. (true-false) Fur coats and leather shoes are 
made of cellulose. 


6. (true-false) Wood is made of sugar mole- 
cules. 


7. Name two polymers that plants form. Give 
examples of two foods we eat that contain 
cellulose molecules. What happens to these 
molecules in our bodies? 


8. Make up a menu for those regions of the world 
where there is a lack of animal protein in the 
diet. 


Synthetic Polymers (p. 496) 

1. Which one of the following was the first 
synthetic polymer? 
(a) glycogen (c) nylon 
(b) celluloid (d) rayon 
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(true-false) Most synthetic polymers are 
chemically reactive. 


(true-false) Synthetic polymers have been 
made in laboratories for over 100 years. 


(true-false) Many synthetic polymers are 
not biodegradable. 


Make a chart showing natural polymers and 
synthetic polymers. Which list is longer? How 
would your chart look if it were made 100 
years ago? 


What are some useful physical and chemical 
properties of synthetic polymers? What are 
some properties of these polymers which may 
be harmful to humans? 


The Fly in the Ointment (p. 498) 


ii 


Many packaged foods contain added 
preservatives. The major objection to this 
practice is that 

(a) in rats some preservatives cause birth 
defects 

(b) the testing of the effects of preservatives 
on humans is inadequate 

(c) many people are sensitive to preserva- 
tives and may suffer discomfort from them 
(d) stronger concentrations may be needed 
in the future to prevent disease 


Mercury found in streams is dangerous to 
humans because ; 

(a) itis concentrated in our food chain 

(b) it may get into supplies of drinking 
water 

(c) heavy metals are very poisonous when 
diluted 

(d) mercury is deposited in human fat 


(true-false) The effect of DDT on the health 
of humans is unknown. 


(true-false) The pollutants in the air, such 
as nitrogen oxides and hydrocarbons, react 
in the presence of sunlight to produce 
smog. 


How do your daily habits help put toxic 
elements into your environment? 





The government ban on the use of cyclamates 
in food was partly based on research with 
rats. Why is research done on rats often used 
as a comparison with what could happen to 
humans? How much importance should the 
results of such research be given in situations 
where people do not agree? Explain. 


The Good Old Way (p. 507) 


Ak. 


(true-false) The movement of people to the 
cities has been balanced by the increased 
food production of those remaining on the 
farm. 


(true-false) Hybrid corn and wheat seed 
have increased the production per acre. 


(true-false) Nitrogen fertilizers added to 
the soil increased the use of crop rotation 
and decreased the need for insecticides. 


(true-false) The development of herbicides 
changed the method of killing weeds in the 
fields. 
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A dark number (G0) indicates the 
page on which the term is defined. 


absorption, 
of light by opaque surface, 12 
acid, 
reaction with zinc, 428; 
concentration of, 434; 
amino, 492-493 
‘aeolipile, 366 
air, 
as an electrical conductor, 124 
air pollution, 503-504 
airresistance, 311-312 
alkali, 429 
alloy, 455, 458 
alternating-current generator, 
197 
aluminum, 460; 
reaction with chemical base, 
430 
amino acid, 492-493 
ammeter, 122; 
use in measuring temperature, 
339-341 
ampere, 122 
angle ofincidence, 35, 72-74 
angle of reflection, 35, 72-74 
angle of refraction, 69, 72-74 
antenna, 181 
antibiotics, 
contaminant in foods, 499- 
500 
antibodies, 451 
Archimedes, 280 
Aristotle, 
explanation of falling objects, 
Gide 
andatomictheory, 440 
armature, 190 
artificialsweeteners, 499 
asphalt, 420 
aspirin, 422 
atmospheric pressure, 
importance in distillation, 
420-421 
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atom, 441; 

nucleus of, 447; 
electron, 447; 
proton, 447; 
neutron, 448; 
ionization of, 472 
atomic clock, 240 
atomictheory, 440-442 
atomic weight, 445 


balance, in comparing masses, 
229 
barmagnet, 153 
base, chemical, 429 
battery, 123; 
incircuit, 144; 
voltaic pile, 160 
Berzelius, Jons Jakob, 445 
BHA, BHT, 499 
binoculars, 92-94 
biodegradable substances, 
496 
blood, identification of, 451 
boiling point, 
of water, 331-333, 336-337, 
379-380, 382 
boule, 424 
Boyle, SirRobert, 441 
bronze, 455, 460, 479 
Brown, Robert, 390 
Brownian motion, 390-392 
brushes, 190 
building materials, 
heat-related properties of, 
363-365 
butane, 420 


calendar, 236 

calorie, 353 

Calorie, 354-355, 357 

calorimeter, bomb, 354 

camera, 54, 67; 
pinhole, 54-58, 67; 


lens, 67, 80-81; 
control of light into, 100, 102; 
f-stop, 100; 
shutter, 100 
carbohydrate, energy value of, 
357 
carbon, inliving matter, 488 
carbon arc lighting, 149 
casting, of metal (prehistoric), 
479 
catalyst, 436; 
inchemical reactions, 435- 
436, 439; 
enzyme, 436 
cellulose, 491; 
in non-food products, 493- 
494 
Celsius, Anders, 333, 337 
Celsius temperature scale, 
333, 337 
ceramics, 
use in cooking pots, 363; 
heat-related properties of, 363; 
glass, 422 
chemical analysis, 
incriminal cases, 449-454 
chemical change, 426; 
caused by light, 16; 
energy change involved in, 
432-433; 
evolution of heat by, 432-433; 
requirement of heat for, 432- 
433 
chemicalcompound, 442 
chemicalelement, 441; 
metals, 455-486; 
ionization of atoms, 472 
chemical energy, 
converted to other energy forms, 
433; 
released in automobile engine, 
433; 
used in electric generation, 433 





chemical equation, 443-444 
chemical food additives, 499- 
500 
chemicalformula, 443 
chemical pollutants, 396, 498- 
509 
chemical properties, 427; 
of substances, 427-429; 
ofelements, 445 
chemicalreaction, 427; 
evidence of, 430; 
production of gas by, 430; 
rusting, 430, 484; 
factors affecting speed of, 436, 
438-439; 
role of catalystsin, 435-436, 
439; 
roleofenzymesin, 437; 
molecular theory of, 438-439; 
combination typeof, 462-463; 
displacement type of, 463- 
466 
chemical reactivity, of metals, 
466-467 
chemical substance, 400 
chemicalsymbol, 441, 443-444 
chemical technology, 
and present-day problems, 
498-509 
chemistry, 416; 
organic, 488 
chlorophyll, 14 
circuit, electrical, 123 


clock, 
water, 236, 238; 
Sanco: 


pendulum, 239; 

electric, 240; 

atomic, 240 

coal, use in generating electricity, 
198 

collisions, 246; 

straight-line, 246; 


elastic, 246; 
ideal, 246-247; 
of objects of equal mass, 247- 
248; 
of objects of unequal mass, 
249-251): 
conservation of momentum, 
251 
color, 6; 
seeing, 6-8, 12, 14-15, 
22me0,20ne(=30; 
light quality, 6; 
spectrum, 7-8; 
in colorless light, 7, 10; 
filter, 10; 
particle theory of light, 11; 
Newton’s experiments with, 
13 
effect of opaque surface on, 
125 
particles, 14; 
of paintsanddyes, 14; 
effect of overlapping, 23; 
receptorsineye, 24-25; 
produced from black-and-white 
film, 28-30; 
psychology of, 112; 
gas discharge lamp, 150; 
in chemical reactions, 430 
color filter, 10; 
effects explained by particle 
theory, 11 
combinationreactions, 462- 
463 
compass, 
use in detecting magnetic field, 
153-154 
compounds, 
chemical, 442; 
found in living matter, 487, 
489-494; 
synthetic organic molecules, 
496; 


biodegradable, 496 
concave lens, 89 
concave mirror, 44; 
reflection of light by, 44, 46- 
47; 
focal point, 44, 46-47; 
focallength, 44; 
sizeofimagein, 44, 46-47; 
ray diagram, 46-47; 
position ofimagein, 46-47; 
realimage, 48-49; 
insolarfurnace, 50 
conduction, 
of heat in different substances, 
346; 
of heatinceramics, 363; 
of heatin metals, 363 
conductor, electrical, 124 
cones, roleincolorvision, 27 
conservation of momentum, 
in collisions, 251 
contactlenses, 89 
convex lens, double-, 78-79, 
82, 84-85 
convex mirror, 52; 
reflection of light by, 52; 
size ofimagein, 52; 
position ofimagein, 52; 
virtualimagein, 52 
cooling, 
effect on various substances, 
325-326 
copper, 
as an electrical conductor, 
402-403; 
inalloys, 460; 
in an electrochemical cell, 
473-474; 
use of fire in mining, by pre- 
historic humans, 475-476; 
development of smelting, 478; 
development of casting, 479 
corrective lenses, 89, 91 
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corrosion, of steel, 484 
cotton, 493 

coulomb, 120 
counterweight, 292-293, 298 
crane, 292-293 

crime analysis, 

use of chemistryin, 449-454 
crystallization, 418, 422-425 
crystals, 388 

current, electric, 122-123, 473- 
474 

cyan, 14, 23 


Dalton, John, 441 
Daniellcell, 470 
Davy, Sir Humphrey, 146 
DeForest, Lee, 177 
decomposition, 427 
Democritus, 440-441 
density, 403 
desalination, of water, 394-395 
detergents, as pollutants, 502, 
506 
dieselengine, 370 
dieselfuel, 420 
diffraction, 
oflight, 60, 65-66; 
and wavetheory, 77 
diffraction grating, 8, 65; 
effects on light, 8, 65; 
spectrum, 8,65 
diffusion, 386; 
rate related to temperature, 
386-387; 
rate affected by stirring, 387; 
molecular theory, 391-392 
digestion, of starch, 491 
diode, 175; 
semiconductor, 178-180 
diopter, 91 
disease, 
detection with a thermograph, 
344 
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displacement reactions, 463- 
466; 
production of electricity by, 
468-470; 
amodelfor, 472-474; 
production ofionsin, 472 
distillation, 417; 
fractional, 417,419-420:; 
petroleum refining, 419-420; 
fractionating column, 419- 
420; 
use of reduced pressure in, 
420-421; 
useofsteam, 421; 
of peppermint oil, 421 
DuFay, C.F., 130 
dye, 14 


earth, gravity force field of, 
302-303 

ecology, 112-115, 212-213, 
318-319, 498-509: 
eutrophication, 502-503; 
progress against pollution, 
505-506 

Edison, Thomas Alva, 146- 
149, 174-175 

Edison effect, 174-175, 178- 
180 

efficiency, 288-289 

Einstein, Albert, 104, 107 

electric circuit, 123; 
switchin, 123; 
filamentin, 123; 
conductorin, 124; 
insulator, 124 

electric clock, 240 

electric current, 105,122-123, 
473-474; 
magnetic field caused by, 
155-156, 161, 164-165; 
reversing inmotor, 189 


electric filament, 123 
electric generator, 192-193, 
197; 
history of, 202-209 
electric motor, 186-194; 
history of, 202-209 
electric power plants, 
energy sources for, 198-199, 
P\2= 2S}, Ass 
ecological problems, 212-213 
electric pulse counter, 119- 
120, 122 
electric transformer, 199-201 
electrical charges, 130-133 
electrical conductance, 
effectof heaton, 338-341; 
in differentiating substances, 
402 
electricalenergy, 123, 126-127; 
wattasaunitof, 135; 
converted to heat, 138; 
converted to light, 146-151; 
used by motor, 191; 
horsepower as aunitof, 191 
electricalsafety, 138, 143-144 
electricity, 105, 116-213; 
measuring, 118-120, 122, 127; 
pulse counter, 119=120, 122; 
coulomb, 120; 
ammeter, 122; 
ampere, 122; 
circuit, 123-124; 
battery, 123, 144; 
voltmeter, 127; 
volt, 127; 
lightning rod, 129; 
lightning, 129-130; 
static, 130, 158; 
storage of, 131-133, 158; 
watt, 134-135; 
power, 135; 
kilowatt, 136; 
kilowatt-hour, 136; 





calculating cost of, 136; 
resistance, 137-141; 

ohm, 138; 

series circuit, 141-142; 
parallel circuit, 143; 

safety devices incircuit, 143- 
144: 

incandescent lamp, 146-149; 
carbonarclamp, 149; 

gas discharge lamp, 150; 

and magnetism, 152-185; 
magnetic field around current- 
carrying wire, 155-156, 161, 
164-165; 

effect on animal tissue, 158- 
160; 

electrical conduction, 158- 
160, 338-341, 402; 

voltaic pile battery, 160; 
electromagnet, 165-166; 
produced by moving magnetic 
field, 168, 195-197; 

role incommunications, 152, 
AO aaOos 

telegraph, 170-172,171; 
telephone, 173; 
vacuumtube, 174-175, 177; 
semiconductors, 178-180; 
solid state devices, 178-180; 
converted to motion, 186-189; 
produced by generator, 192- 
193, 433; 

amount used by appliances, 
140-143; 

power generating plants, 198- 
199, 212-213; 

ecological problems associated 
Wwatin, 222A Gi 

effect of heat on conductivity 
of metals, 338-341; 

used in measuring temperature, 
338-341; 

metals as conductors, 456; 


produced by chemical reactions, 
468-470 


electrochemicalcell, 473-474 
electromagnet, 165-166; 
measuring the strengthof, 166; 


roleincommunications, 1/70- 
Ss 

useinmotors, 187-189; 

use in producing electricity, 
195-197 


electromagnetism, 


applicationin motors, 186- 
189 


electron, 105,174, 447; 
producing electric current, 105, 


473-474 


element, 


chemical, 441; 

properties of, 445; 

atomic weight, 445; 
periodic table of, 446-447; 
classification of, 446-447; 
atomic structure of, 447; 
atomicnumber, 448; 
found in living matter, 487 


elevator, 


electric motor for, 191; 
simple machines in, 292- 
Pie: 

counterweightin, 292-293 


emission spectrography, 449 
energy, 126-127, 301; 


heat from sunlight, 50; 
electrical, 123, 126-127; 
fuels used in producing elec- 
seen, ZN vale 

used in doing work, 301; 
forms of, 302; 

heat, 348-373, 

from food sources, 354-355, 
357, 490; 

change associated with chemical 
change, 432-433 


engine, 


steam powered, 366-369; 
reciprocating, 369; 

turbine, 369; 

heat, 369-370, 372; 

release of chemical energy in, 
433 


environment, 


effects of progresson, 112- 
115, 212-213, 318-319, 498 — 
509 


enzyme, 436 
equation, chemical, 443 
equilibrium temperature, 350, 


Shey2= S116): 
and molecular theory, 392- 
393 


escalator, use of inclined plane in, 


294 


eutrophication, 502-503 
expansion, due to heating, 386 
eye, 


retinaof, 24, 27, 86-87; 
TOCUSHERe IE 

cones, 27; 

visual purple, 27; 
lens, 86=87: 
realimage in, 86-87; 
iris, 86; 

pupil, 86; 
near-sightedness, 87-89; 
far-sightedness, 87-89; 
glasses, 89,91; 
contactlenses, 89 


eyeglasses, 89,91 


f-stop, 100 
Fahrenheit, Gabriel Daniel, 


333, 336-337 


Fahrenheit temperature scale, 


333, 336-337 


far-sightedness, 87-89 
Faraday, Michael, 202-205 
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fat, 357,490: 
energy value of, 
fertilizer, 502; 
asapollutant, 502 
fiber optics, 74 
filter, 
color, 10; 
transparent sheetasa, 10 
filter paper, 417 
fire, 
discovery of, 475; 
usein metal mining, 476; 
use in metalsmeltering, 478; 
use in metal casting, 479 
flat mirror, 36; 
reflection of light by, 38-39; 
virtualimage in, 38-41, 48-49 
Fleming, Ambrose, 175 
focallength, 44; 
of concave mirror, 44; 
of double-convex lens, 
of eye, 86-87; 
of microscope, 
of telescope, 
of binoculars, 
focal point, 44; 
of concave mirror, 44; 
of double-convexlens, 79 
food, 
useinbody, 354-355; 
energy value of, 357; 
world shortage of protein, 493; 
increases in efficiency of pro- 
duction of, 507-509 
force, 253-270; 
applied to an object, 254-256; 
instrument for measuring, 
207-200; 
related to weight, 258; 
needed to overcome effect of 
friction, 261,274; 
applied without causing motion, 
263, 265; 


357, 490 


79, 84; 
925045 


92-94: 
92-94 
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needed for lifting an object, 

20GReT I= 215, 21 210: 

applied atanangle, 267-268; 

parallelogram method of force 

addition, 267-268; 

applied through a pulley system, 

2f2e2re: 

multiplied by pulley system, 

273-274; 

acting over a distance, 

Ane, 

related toenergy, 302; 

due to gravity, 302 
force field, 

gravitational, 303-304; 

magnetic, 303-304 
forensic science, 449 
formula, chemical, 443 
fractionating column, 
Franklin, Ben, 129 
freezing point, 

OLWAteCiOSMia SOS NOOO: 

3315362 
friction, 260; 

loss of force due to, 

274; 

causeof, 260-262: 

ways of reducing, 262; 


274- 


419-420 


260-262, 


work loss dueto, 2/78, 288, 370; 
and airresistance, 311-312 
fuels, forengines, 369-372 


fulcrum, 281 
fur, protein structure of, 493 
furnace, 348 
fusion, 
heat of and molecular theory, 
391 


Galileo, 239; 
studies of falling objects, 311- 
312; 


development of a thermometer, 
334 


Galvani, Luigi, 158-159 
gas discharge lamp, 150 
gas production, 

in chemical reactions, 430 
gas turbine engine, 370 


gaseous State of matter, 384- 

385; 

vaporization of water, 379- 
380; 

diffusion, 386-387; 

and molecular theory, 390- 
391; 

Brownian motion, 390-391 


gasoline, 420 
glass, 
path of light through, 69; 
ceramic, 422; 
window, 422 
glycogen, 490-491 
gold, 
as an electrical conductor, 
403; 
collected by early humans, 475 
Golden Fleece, 475 
gram, 229-230 
Gramme, Z.T., 207 
gravitational force field, 303- 
304 
gravity, 302; 
speed dueto, 302; 
as related to potential energy, 
306-309; 
historic views of, 311-314; 
value ofg, 314,317 


402- 


heat, 320-395, 393; 
from light, 50; 
effects on various substances, 
325-326; 
conduction in different sub- 
stances, 346; 
sources of, 348-373; 
distribution of, 348-353; 





calorie unit, 353; 
from food sources, 354-355; 
Calorie unit, 
measuring amount with bomb 
calorimeter, 354; 


distribution by contact, 358- 


359; 


-related properties of ceramics, 


363; 

-related properties of metals, 
338-341, 346; 

-related properties of various 


building materials, 363-365; 


converted tomotion, 366- 
SE 

and changes of state of water, 
374-378; 

effect on rate of diffusion, 
386=387; 

as cause of expansion, 386; 
and molecular theory, 393; 


from chemical reactions, 433; 


and the speed of chemical 

reactions, 434, 439 
heatcapacity, 361; 

ofiron, 358-359, 362; 

ofaluminum, 360-361; 

of water, 362, 382 
heatengine, 369-370, 372 
heatof fusion, 378; 

and molecular theory, 391 
heat of vaporization, 380; 

and molecular theory, 392 
Helmholtz, Hermannvon, 24, 

30 
Henry, Joseph, 203-205 
Hering, Ewald, 24,25 
Hertz, Heinrich, 181 
horsepower, 191, 367 
Huygens, Christian, 62 
hydrocarbon, 419-420, 489 
hydrogen peroxide, 

decomposition of, 435-436 


354-355, 357; 


ice, 


effect of adding heat to, 374- 
SHAS 
heat of fusion, 378 


image, 


from flat mirror, 33, 38-39: 
virtual, 38-41, 52 82, 84-85. 
real, 48-49 55-57, 86-87, 
92-94; 

from concave mirror, 48-49; 
from pinhole, 55-57; 

in eye, 86-87; 

in microscope, 92-94; 
intelescope, 92-94; 

in binoculars, 92-94 


incandescentlamp, 146-149 
incidentray, 35; 


to mirror, 35; 
effect of large angle of incidence, 
72-74 


inclined plane, 284-285; 


mechanical advantage of, 288; 
use inescalator, 294; 

possible use in constructing 
pyramids, 297-298 


index of refraction, 70, 84; 


for different materials, 71; 
in identifying substances, 401 


insulator, electrical, 124 
intensity, of light, 96, 98-99 
interference, 


light, 60, 62; 
and wave theory, 77 


invertinglens, 92-93 
ion, 472 

ionization, 472 

iris, 86 

iron, 458; 


attracted by magnet, 303-304; 
steelalloy, 458; 

wrought, 458; 

used by ancient man, 481- 
485; 


carburization, 482; 
steel production, 482 


jetengine, 370 


kerosene, 420 
kilogram, 229-230 
kilowatt, 136 
kilowatt-hour, 136 


Land, EdwinH., 28-30 
Langmuir, Irving, 149 
laser, 108-111 

lead, 460 

Leibniz, Gottfried von, 313- 
314 

lens, 67; 

incamera, 67; 
properties of, 67-68, 78; 
normal (line), 68-69; 
angle of incidence, 68-69; 
light path through, 68; 
refraction of light by, 69; 
refractedray, 69; 
angle of refraction, 69; 
double-convex, 78-79, 82, 
84-85, 92-94: 

focal point, 79; 
focallength, 79; 
magnifying glass, 80-81; 
ineye, 86-87; 
corrective, 89, 91; 
concave, 89; 

in microscope, 92-94; 
intelescope, 92-94; 

in binoculars, 92-94; 
inverting, 92-93 

lever, 280-282, 281; 
fulcrum, 281; 

seesaw as applicationof, 281- 
282: 

useincranes, 292-293 
Leydenjar, 131-133, 132, 158 
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light, 2-115; 

seeing, 2,6-8, 12,36, 86-89, 
95; 

color, 2,6-8; 

seeing colors, 6-8, 12, 14- 
WDe2e=2on2anco= 30; 

quality of, 6; 

colorless, 7-8; 

effects of prismon, 7-8; 
broken into spectrum, 7-8; 
colorincolorless, 7, 10; 
effect of transparent sheet on, 
Z—9,10; 

effect of diffraction grating on, 
8, 65; 

particle theory of, 11,36, 59- 
Olin? (a104— 1075 
Newton's experiments on, 11; 
reflection by opaque surface, 

1 2nOo7 30: 

absorption by opaque surface, 
12; 

causing chemical change, 16; 
rolein photography, 16, 18, 
100, 102; 

theories of color vision, 24- 
25; 

seeing black, gray, and white, 
21. 

reflection by mirror, 32-36; 
incident ray, 35; 

reflected ray, 35; 

normal (line), 35, 68-69; 
angle ofincidence, 35-36, 


diffraction of, 60, 65-66, 77; 
interference, 60, 62, 77; 
distance effects of, 61; 

wave theory of, 62, 65, 77, 
104-107; 

path through glass, 68-69; 
angle of refraction, 69, 72-74; 
refraction byalens, 69; 
refraction by different materials, 
70, 72-74; 

index of refraction, 70; 
speed in different materials, 
16-77; 

double-convex lens, 78-82, 
84-85; 

brightness, 95-96; 

meter for measuring, 96, 98- 
99, 102, 119-120; 

intensity of, 96, 98-99; 
intensity related to distance, 
96, 98-99; 

photo-electric effect, 105; 
photon, 107; 

photon theory, 107; 

laser, 108-111; 

coherent, 110; 

effectson humans, 112-115; 
color from gas discharge lamp, 
150; 

used in determining temper- 
ature, 342-343 


light meter, 96, 98-99, 119-120; 


use in photography, 102 


lighthouse, electric generator for, 


heating of water, 379-380; 
molecular theory, 390-392; 
Brownian motion, 391 

living matter, 
chemical components of, 487 


lubricating oil, 420 


machine, simple, 280-298 
magenta, 14, 23 
magnet, 


bar, 153; 
polesofa, 153; 
effect on iron filings, 153-154 
magnetic force field, 153-154, 
303-304; 
effect on iron filings, 153-154; 
detection by compass, 153- 
154; 
around current-carrying wire, 
199= 106164165; 
and generating electricity, 168 
magnifying glass, 80-81 
Marconi, Guglielmo, 181 
mass, 226; 
as a property of moving objects, 
(CAPR PRES bs 
related to weight, 227; 
independent of position, 228; 
compared with equal-arm 
balance, 229; 
gram as the standard unit of, 
229-230 
matter, 
molecular theory of, 388, 390- 


69, 72-74; 205-206 393; 

angle of reflection, 35-36, lightning, 129-130 living, chemical components of, 
72-74; lightning rod, 129 487 

reflected by flat mirror, 38- limestone, 427 mechanical advantage, 288 
39, 48-49: linen, 493 melting, and molecular theory, 
ray diagram, 39, 41; liquid crystals, 391 


Mendeleev, Dmitri, 445 
mercury, 
inthermometer, 328, 330-331 


reflected by concave mirror, use in determining tempera- 
44 46-49: ture, 346 
passed through pinhole, 54-58; liquid state of matter, 384; 
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metals, 
heat-related properties of, 
338-341, 346, 363; 
used by early humans, 
physical properties of, 
iron, 458; 
wroughtiron, 458; 
aluminum, 460; 
copper, 460; 
zinc, 460; 
poisoning due to contamination 
by heavy metals, 500-501; 
chemical properties of, 462- 
467; 
reactivity, 
smelting of, 
native, 475 
meteorites, 
as anearly source ofiron, 481 
meter, 
linearmeasure, 244 
metric system of measures, 
24545132515: 
problems of converting to, 
241-245 
microscope, 92-94 
minerals, 388 
mirror, 
reflection of light by, 
image, 32-33; 
flat, 33,36, 38-39, 48-49; 
incident ray, 35; 
reflectedray, 35; 
angle of incidence, 35; 
angle of reflection, 35; 
normal (line) to, 35; 


ANES)2 
456; 


466-467; 
475; 


242- 


32=30; 


rule of reflection, 35-36, 38- 
39, 46-49; 
virtual image, 38-39, 52; 


ray diagram, 39-41; 
history and manufacture of, 
42-43; 

use intelescope, 43; 


44, 46-49; 
48-49; 


concave, 
real image, 
convex, 52 

mixtures, 
identifying component sub- 
stances, 412-415; 
separating component sub- 
stances, 416-423; 
solutions, 417 

molecular motion, 388-393 

molecular theory of matter, 
388 -393; 
and the structure of solids, 
and the behavior of liquids, 
390; 
and the behavior of gases, 
and fusion, 391; 
and vaporization, 392; 
and chemical reactions, 
439 

molecule, 388, 438-439; 
found in living matter, 
494 

momentum, 250; 
conserved in ideal collisions, 
251 

motion, 216-310; 
produced by electromagnetism, 
187-188: 


388; 


391; 


438 - 


487- 


sources of, 216; 

general properties of, 220; 
speed of an object, 221-223, 
PY ELL POT 

related to starting-stopping 
elfortmmcel, 220 22s, 
collisions of objects, 246-251; 


momentum, 250-251; 


effect of frictionon, 260-262, 
274: 

caused by a lifting force, 266, 
Ohiee (8; 


due to a force applied at an angle, 
267 - 268; 


caused by a gravitational force, 
299319; 

airresistanceto, 311-312; 

of falling objects ina vacuum, 
312; 


heat converted to, 366-373; 


and molecular theory, 393 
motor, 
electrical, 186-194; 
split-ring commutator, 189- 
190; 
brushes, 190; 
armature, 190; 
powerof, 190-191 
MSG, flavorenhancer, 499 
native metals, 475 
natural periodic events, 
observationof, 236 
near-sightedness, 87-89 
neutron, 448 
neutron activation, 449 
newton, 255 
Newton, Isaac, 
particle theory of light, 11, 36, 
5ONGir 


theory of color vision, 24; 

inadequacy of particle theory, 

COMO Raias 

mutual attraction of objects, 

313; 

selection of thermometer 

reference points, 334, 336 
normal, 35; 

to mirror surface, 35; 

to lens surface, 68-69 
nuclear energy, 

use in generating electricity, 

P= PNK} 
nucleating agent, 

for crystallization, 422 
nucleus, 

ofatom, 447-448 
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Obelisk, 236 
objects, 
properties of moving, 220- 
Ceomeconeele 
speedof, 221-223, 222; 
mass Otme22o=22/e : 
comparing masses of, 226- 
229; 
collisions of, 246-251; 
effect of applied force on, 
254-256; 
effect of friction on motion of, 
260-262; 
application of equal, but op- 
posite, forces to, 263, 265; 
moving, and work, 275; 
weight due to gravity, 302- 
304; 
weightlessness inspace, 302- 
303; 
motion due to gravity, 306- 
309 
ohm, 138 
oil spills, 503 
opaque surface, 12; 
reflection of light by, 12, 33, 
36; 
absorption of light by, 12 
optical pyrometer, 342-343 
organicchemistry, 488 
oxygen, chemical reactions of, 
428 


paint, 
colorof, 14; 
liquid crystals, 346 

paper, 493 

parallel circuit, 143 

particle theory, 
oflight, 11,36,59-61, 104- 
107; 
and shadows, 59; 
inadequacy of, 60, 76-77 
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peanut brittle, 426 
pendulumclock, 239 
peppermint oil, distillation of, 
421 
periodic events, 
early observation of natural, 
236 
periodic table of elements, 446- 
447 
peroxidase, 436 
pesticides, 
environmental buildup of DDT, 
501-502 
petroleum refining, 419-420 
photo-electric effect, 105 
photography, 
role of lightin, 16, 100; 
black-and-white, 16; 
use of silver halidein, 16; 
color 6: 
pinhole camera, 54-58; 
f-stop, 100; 
camera, 100; 
camera shutter, 100; 
control oflightin, 102; 
use of light meter, 102; 
use in determining temperature, 
344 
photon, 107; 
theory of light, 107 
physical change, 
ice-water-steam, 374-378; 
heat of fusion, 378; 
heat of vaporization, 380 
physical properties, of sub- 
stances, 400 
pinhole camera, 54-58; 
contrasted with regular camera, 
67 
Planck, Max, 105 
plants, 
synthesis of sugar and starch 
by 491; 


cellulosein, 491 


plastic, 496 
plating, of steel, 484 
pollution, 


vase, Willis. 

thermal, 212-213; 

air, water,and noise, 318-319; 
smokestack emission control 
equipment, 338; 

chemical, 396; 

and chemical technology, 498- 
509; 

industrial, 502; 

progress against, 505-506 


polymers, 490-496; 


natural, 490-495; 
synthetic, 496 


population changes, 507-509; 


and increases in food production 
efficiency, 507-508; 
and today’s alternatives, 509 


potential energy, 306; 


related to position, 306-309 


precipitate, 431 
precipitation, 431 
precipitin test, for blood, 451 
printing, 


use of silver halidein, 16; 
of color photographs, 18 


prism, 


effects on light, 7-8; 
spectrum, . 7; 

effects explained by particle 
theory, 11 


progress, 


transportation problems caused 
bye 318319; 

water shortages caused by, 
394-395; 

and chemical technology, 
498-509; 

against pollution, 505-506 


propane, 420 





protein, 
energy value of, 357; 
molecular structure, 492; 
components of body structures, 
492; 
amino acidsin, 492-493; 
shortage in world food supply, 
493 

proton, 447 

pulley, 273; 
moving, 273; 
fixed ane 13; 
system, 2/2-278; 
work input, 278; 
work output, 278; 
as simple machine, 280; 
mechanical advantage of, 288; 
use in cranes and elevators, 
292-293 

pupil,ineye, 86 

pyramids, 
use of simple machines in 
constructing, 295, 297-298 

Pythagoras, 440 


radio, 177, 181-182 
radio waves, 181 
rainbow, 7 
ray diagram, 39; 
for flat mirror, 39, 41; 
for concave mirror, 44, 46-49; 
for glass, 69-70; 
for different materials, 70 
realimage, 48; 
from concave mirror, 48-49; 
from pinhole, 55-57; 
ineye, 86-87; 
in microscope, 92-94; 
in telescope, 92-94; 
in binoculars, 92-94 
reference points, 330; 
selecting for a thermometer, 
330-332 


reflectedray, 35; 


fromamirror, 35,39 


reflection, 


by an opaque surface, 12, 33; 
byamirror, 32-36; 

angle of, 35; 

aruleof, 35-36, 38-39, 46- 
49; 

by aflat mirror 38-39, 48- 
49; 

ray diagramof, 39-41; 

by aconcave mirror, 44, 46- 
49; 

by aconvex mirror, 52; 
totalinternal, 72-74 


refraction, 
angle of, 69; 
bylens, 69; 


by different materials, 70, 72- 
74; 

index of, 70-71, 84; 

use in differentiating substances, 
401 


resistance, 


to electric current, 137-141; 
change with temperature, 139, 
338-341 


resistance thermometer, 339- 


341 


retina, 24, 86-87; 


morals tim, TAS 
conesin, 27 


rockcandy, 425 

rockets, 316-317, 372 

rods, ineye, 27 

rubies, manufacture of, 423 
rule of reflection, 35-36, 38- 


39, 46-49; 

applied to flat mirrors, 39, 
48-49; 

applied to concave mirrors, 
44, 46-49 


rusting, 430, 484 


safety precautions, 
with chemicals, 405, 407 
salt, structure of, 388 
sandclock, 238 
sapphires, manufacture of, 423 
Savery, Thomas, 366 
seesaw, as lever, 281-282 
semiconductors, 178-180 
series circuit, 141-142 
shadow, 
and the particle theory of light, 
59-60; 
and light diffraction, 60 
sight, 
seeing light, 2,6-8, 12, 36, 
seeing color, 6-8, 12, 15, 22- 
ys), 746}, P=): 
color receptors in the eye, 
24-25; 
theories of color vision, 24- 
PXS), S10): 
seeing black, gray, and white, 
lla 
Land’s experiments with color 
vision, 28-30; 
near-sightedness, 87-89; 
far-sightedness, 87-89; 
effect of distanceon, 96, 98- 
99; 
visual pollution, 112-115; 
in differentiating substances, 
401 
silver, 402-403, 475 
silver halide, 
effect oflighton, 16; 
use in photography, 16, 18; 
use in printing, 16 
simple machine, 280; 
pulley system, 280; 
reduction of input force, 280; 
lever, 280-282, 281; 
inclined plane, 284-285; 
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mechanical advantage of, 288; 

efficiency of, 288-289; 

use in cranes, elevators, and 

escalators, 292-294; 

use in constructing ancient 

monuments, 295-298 
smelting, 

of metals, 475; 

by prehistorichumans, 478; 

of copper, 478; 


of tin, 480; 
ofiron, 481 
smog, 504 


solarfurnace, 50; 
concave mirrorin, 50 
solid state devices, 178-180 
solid state of matter, 383; 
melting of ice, 374-378; 
crystal structure, 388; 
and molecular theory, 388 
solutions, 386-387, 417 
solvent, waterasa, 382 
sound, 
transmission by wire, 173; 
wireless transmission of, 181- 
182 
spectrum, 7; 
caused by prism, 7; 
Colors OL =O; 
areas of, 8; 
diffraction grating, 8, 65; 
basic colors of, 8,18 
speed, 
of light in materials, 76-77; 
of an object, 221-223, 222, 
229 —2218 
instantaneous, 223; 
average, 223; 
effect on colliding objects, 247- 
Zoi 
change due to gravity, 302, 
308-309; 
of falling objects, 308-309 
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split-ring commutator, 189- 
190 
starch, structure of, 491 
states of matter, 374-378, 
383-385 
Static electricity, 130, 158 
steam, 374, 379-380; 
heat of vaporization, 380 
steamengine, 366-369; 
piston, 368; 
reciprocating, 369; 
turbine, 369 
steamturbine, 369 
steel, 458; 
produced by prehistoric humans, 
482; 
welding of, 482; 
quenching, 482; 
tempering, 482; 
rusting of, 484; 
corrosion of, 484; 
galvanized, 484; 
methods of protecting against 
corrosion, 484-485; 
plating, 484; 
painting, 485 
Stonehenge, 
use of simple machines in 
constructing, 295-296 
substances, 400; 
effects of heat on various, 
320-320,920) 
heat-related properties of, 363- 
365; 
physical properties of, 400- 
404; 
electrical resistance of, 400- 
402; 
differentiating, 401, 405-407; 
mass of, 403; 
density of, 403; 
identifying, 408-410; 
mixtures of, 412-415; 


separating mixtures, 416-418; 
chemical change in, 426; 
decomposition, 427; 
chemical properties of, 427- 
429; 
reactions with oxygen, 428; 
biodegradable, 496 
sugar, 
molecular structure of, 388, 
490; 
as anenergy source, 490-491; 
from starchin food, 491 
sundial, 236 
sunlight, 
as asource of heat energy, 50 
surface area, 
and the speed of chemical 
reactions, 434, 439 
Swan, Sir Joseph Wilson, 148 


telegraph, 170-172, 171 
telephone, 173 
telescope, 43, 92-94; 
useofmirrorsin, 43; 
inverting lensin, 93 
television, 177, 182-183 
temperature, 324-327; 
measuring, 326, 328-347; 
Fahrenheit and Celsius scales, 
S33; 
history of measuring, 334- 
S37 
measured with a thermocouple, 
338; 
measured with a resistance 
thermometer, 339-341; 
measured with an optical pyro- 
meter, 342-343; 
measured with a thermograph, 
343-344; 
determined with liquid crystal 
paint, 346; 
related to amount of heat, 350; 





equilibrium, 350, 352-353; 
effect on diffusion, 386-387; 
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